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ABSTRACT 


It is pointed out that the discrepancies between the observed amounts of light re- 
flected in eclipsing binary systems and those calculated with the aid of Eddington’s 
formula are due to the neglect of bolometric corrections. The discrepancies turn out to 
provide us with a possibility of determining the temperature of the reflecting layer. 
The effect of reflection on the apparent ellipticity constant is studied on the basis of 
formulae by Milne (taking account of the darkening) and Pike; in general, the correc- 
tion term is found to be positive and proportional to the sum of light reflected by both 


components. 

The phenomenon known as the reflection effect was first noted and 
correctly explained by R. S. Dugan’ in 1908 in his study of RT 
Persei; two years later it was independently discovered and ex- 
plained by J. Stebbins? and C. Nordmann.’ Since then the reflection 
effect has been observed in a number of other systems and has been 
the subject of several theoretical investigations. Calculations of its 
magnitude and its variations with phase have been undertaken by 
J. Stebbins,’ A. S. Eddington,’ E. A. Milne,® E. W. Pike,’ and W. 
Krat,*® but the theories thus far developed have never attained suf- 
ficient agreement with the observations. 


Science, 28, 854, 1908; Princeton Contr. No. t. 5 M.N., 86, 320, 1926. 
2 Ap. J., 32, 213, IQIO. 6 M.N., 87, 43, 1927. 
3 Bull. Astr., 27, 145, 1910. 7Ap. J., 73, 205, 1931. 


4 Seeliger Festschrift, p. 422, 1924. 8 M.N., 94, 70, 1933- 
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The present paper consists of two main parts. In the first we shall 
deal with the magnitude of the effect in full phase and shall show 
that the discrepancies between observations and Eddington’s theory 
furnish us with a possible means of determining the temperature of 
the reflecting layers. The second part will be devoted to the problem 
of variation of the reflection with the phase, with special reference 
to its possible effect on the apparent ellipticities taken from the 
light-curves. 
I. THE REFLECTION IN FULL PHASE 

Stebbins carried out his investigation under the assumption that 
the effect was due to diffuse reflection of light from the stellar photo- 
sphere, following Lambert’s law (or the more complicated Lommel- 
Seeliger law). Eddington pointed out the important fact that the 
reflection must be due to re-emission of the incident radiation and 
that for a star in a steady state the heat albedo must necessarily be 
unity.? For the amount of simple reflection in full phase Eddington 
gave the formula 





re 2 + cos} o; — 3 cos g; | 
sin? @; + — erg | (1) 


L¥(o) = 3K ;L; 
where sin @; is the radius of the reflecting star 7; expressed in terms 
of the orbital radius as unity, Z; is the luminosity of the primary 
(total luminosity of the system taken as unity), and 


a; being the coefficient of darkening. As one may easily verify, the 
foregoing formula is somewhat insensitive to the darkening. If we 
assume uniform disks, K = 1, whereas in case of complete darkening 
K = 9/8. Developing (1) in powers of r, we get 


L#(0o) = 4K,L; (77 + ie} — pari — AferP +. ..-$, (1-0) 


i.e., we see that in not too close pairs, where the quantities of the 
order r’ and higher are negligible, the two first terms give the amount 
of reflected light with a sufficient degree of accuracy. 


9 Eddington, op. cit.; for the general argument cf. also Milne, op. cit., p. 44. 
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In applying his formula to practical cases, however, Eddington 
found discrepancies which could not be attributed to observational 
errors." Krat, using Eddington’s formula, found later that, in sys- 
tems with secondaries of low temperature, the calculated amounts of 
re-radiated light were in almost every case too high compared with 
the observed reflection.’ The reason for this is not difficult to find. 
The amount of reflection calculated from (1) corresponds, according 
to the definition of the heat albedo as unity, to a bolometric scale, 
and, if the temperature at which the light is re-radiated (i.e., ap- 
proximately the effective temperature of the reflecting star) is not 
the same as that of the primary, the visual efficiency of the re- 
flected light might be different from that of the incident radiation. 
Thus, on the basis of (1), we are in a position, from the discrepancy 
between the observed and calculated reflection, to determine the 
temperature of the reflecting star, provided the temperature of the 
incident radiation is known. 

The following tables will illustrate the point. Table 1 contains all 
systems displaying appreciable reflection effect for which the ele- 
ments are reliably known. Columns 5 and 6 give the spectra of the 
components, either observed or computed from the ratio of surface 
brightnesses on the assumption of black-body radiation; the latter 
are inclosed in brackets. Column 7 gives the amount of observed 
reflection, 2c, c being the usual reflection constant taken from the 
rectification of the light-curve; and column 8 gives the theoretical 
reflection as computed by equation (1). As is readily seen, observa- 
tions and theory differ widely in most of the systems listed. 

The second column of Table 2 contains the values AM defined as 


L *(0) cale 
L *(O)obs ; 








AM = §log 


the bolometric corrections depending only on the temperatures of 
both components. If the temperature of the primary is known from 
its spectrum, we can determine from AM the temperature of the 
secondary. Columns 3 and 4 contain the logarithms of temperature 


10 Op. cit., p. 324; cf. also The Internal Constitution of the Stars, p. 213, 1926. 
1 Op. cit., p. 74, Table 3. 
I 3 
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TABLE 1* 
































Star Ty rr 12 Spr Sp2 ae IL ente Authority 

Y Cam..| 0.950] 0.213] 0.234] Ao | (F3) | 0.041] 0.037 | Dugan, Princeton 
Contr., No. 6 

RZ Cas:.| <877| <2a5| 2091} A2 | (G3) 063] .053 | Ibid., No. 4 

TVCas..} .859] .276] .298]| Bo | (Fs) 074} .055 | McDiarmid, Prince- 
ton Contr., No. 7 

RCMa..| .934} .248] .239] Fo | (K3) .O15| .038 | Dugan, Princeton 
Contr., No. 6 

RS CVn.| .690} .087} .280) F4 G8 .034| .042 | Sitterly, Princeton 
Contr., No. 11 

UCep...| .839/ .194] .313} Ao | (G7) .043} .059 | Dugan, Princeton 
Contr., No. 5 

ZT... -QII] .217| .270] As | (G7) 032 047 | Ibid., No. 2 

SZ Her..| .800! .321] .334] A3 | (Fr) .030| .065 | [bid., No. 6 

RV Oph .825] .125] .203} Ao | (G2) .018] .024 | Ibid., No. 4 

RT Per .863]} .275] .275| F2 | (Gs) 022] .049 | Ibid., No. 1 

BPer...| .895| .210| .230] BS | (Ga) .045] .036 | Stebbins, Ap. J., 32, 
185 

X Tri...} .867] .285] .328) A3 G5 .o18] .067 | Dugan, Princeton 
Contr., No. 8 

W UMi. 890} .37 .322| Ao | (F6) .038] .o61 | [bid., No. 10 

RS Vul..| 0.922] 0.307] 0.219} B8 | (Bo) | 0.078] 0.032 | Krat, NNVS, 4, 413 





* For ellipsoidal stars the given radii are geometric means of the semi-axes. All solutions are “uni- 
form,” with the exception of that for X Tri, where one-third darkening was assumed. 


TABLE 2 



































s : is L* (0) 
Star AM log Tieff | log T2efg | log T2ref] L¥(o) 2¢theor O-¢ 
Ye Cam...; , —o.II 4.04 3.69 3.66 0.04 0.036 Ito 005 
RZ Cas... ..<. —0.19 4.00 Ea i, 3.76 .08 .059 |+ .004 
PAGES... —0.17 4.07 3.81 3.67 i .066 |-+ .008 
Gita... +1.01 2.87 3.63 3.55 .08 021 |+ .006 
Ro Gyn... -5. +0. 23 3.82 2,92 3.7 .O4 037 |— .003 
MUSED 5 «- | +0.34 4.04 3.72 3.60 .O7 038 |+ .005 
(24 UT ee +o.42 3.93 3:67 3.64 .06 .037 |— .005 
ICT cscs cs] On ee 1. ogee 3.86 S50 2D 038 |— .008 
RV Oph.... +0.31 4.04 Re iy 3.61 .08 .020 |— .002 
age ee +0.87 3.86 3.7 3.58 16 .030 |+ .008 
CD o-c.5.5 3.2 | SOeeA 4.10 R498 3.66 .09 .045 .000 
ee ee ee 3.74 snes 12 029 |— .009 
WW WME. eee es | +o. 26 4.04 3.81 3.62 16 .046 |— .008 
RO VU. os. | —0.97 4.14 4.06 3.90 0.16 0.067 |-+0.o011 
| | 
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of the primary and secondary as inferred from their spectra, accord- 
ing to the temperature scale given by Russell, Dugan, and Stewart; 
and column 5 contains the logarithms of 7, deduced from the bolo- 
metric corrections."3 

One would expect that, if the foregoing procedure were right, the 
values of the columns 4 and 5 should agree (or perhaps differ by a 
constant quantity); manifestly this is not the case. But it may ad- 
mit of a simple explanation. Thus far we have considered that the 
observed reflection is due to the secondary alone and have neglected 


* 
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altogether the radiation possibly reflected by the primary. But in 
practice we have to deal always with the combined reflection, and its 
observed amount is only the difference in light reflected by the pri- 
mary and the secondary, respectively. One would, consequently, ex- 
pect that the discrepancies between the effective and the reflec- 
tion temperatures of the secondary would depend on the ratio 
L*(o)/L*(o), the values of which were calculated with the aid of 
equation (1) and are given in column 6 of Table 2. If these are plotted 
against the corresponding temperature differences, a glance at the 
diagram will show that this is exactly the case and that, with 
decreasing L*(o)/L*(o), the discrepancies between the temperatures 

12 Astronomy, 2, 753. 

'3 Cf. The Internal Constitution of the Stars, p. 139, Table 16 (due to Hertzsprung). 
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diminish; thus the disagreement between the observed and the cal- 
culated amounts of reflection can be removed if attention is paid to 
proper bolometric corrections, the exact formulae being 





L*(o) = eas, Li {r?+ 373+ .....}expo.15[A(7,) — A(T,)] : 
2(: I (2) 
E$(o) = 7 L, {r? ++ ir +....}expo.r5[A(7.) — A(T,)], | 


where the A(7;)’s are the corresponding bolometric corrections. Us- 
ing equations (2) we can now evaluate the amounts of light re- 
radiated by both components, and, by forming their differences, we 
can predict the observed reflection coefficients. This was done, and 
the results are contained in column 7. A glance at the last column 
giving the differences O — C shows that they are not systematic and 
that none exceeds the limits of observational errors. The agreement 
between the theory and the observations is therefore to be regarded 
as practically complete." 

A closer look at the foregoing diagram reveals one more interesting 
feature. Extrapolating the relation between the difference in tem- 
perature and L*(o)/L*(o) down to L*(o)/L* = 0, we see that even 
in case of reflection by the secondary only, the temperatures do not 
agree exactly, the temperature deduced from the reflection effect 
being about 10 per cent higher than the effective temperature—a 
heating effect of the incident radiation predicted by Milne’ and 
checked observationally. 

II. THE EFFECT OF THE REFLECTION ON THE APPARENT 
ELLIPTICITY 
Eddington assumed the reflection to vary with the phase accord- 


ing to the formula 


f(6) = sin 6 = cos . (3) 





14 A possible explanation of further discrepancies, if any, might still be that a part of 
the incident radiation can be re-radiated as luminescence radiation in bright lines. 
Walter’s recent careful analysis of reflection in the system ¢ Aurigae (Zs. f. Ap., 14, 62, 
1937) has shown that the intensity of the emission Ca 11 lines follows closely the phase 
of reflection. The amount of light re-radiated in this way may, however, be always 
very small. 

's Op. cit., p. 48. 
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6 being the phase angle measured from the primary minimum. This 
is the well-known expression frequently used for computing the 
luminosity changes of inner planets with the phase."® It follows from 
(3) that the whole amount of reflection will vary as 


sin 6 — (@ — m) cos 8 





sin 6 — @ cos 6 
= ; 


L¥(o) + L}(o) 





As may be easily verified, f(@) is a single valued function of @ in the 
intervalo < 6 < 7;'7if we expand it in a Fourier series and verify that 


ef 6 cos? 6dé6 
T Jo 


=f 6 cos 6 cos 26d ee. : 


us 


we 


the coefficients of cos @ and cos 26 take the forms 
s[L*(0o) — L¥(o)] cos 6 + = [L*(o) + Li#(o)] cos 20+ ..... (4) 
a 


The coefficient of cos 6 is the well-known reflection constant and is 
proportional to the difference in light reflected by each component; 
the coefficient of cos 20 is proportional to their sum. 

Eddington pointed out that the coefficient of cos 26 due to reflec- 
tion is likely to mask to some extent the apparent ellipticity of the 
system 3, the true ellipticity being 

( 


e@= {z+ re [L¥(o) + L(o)] ) cosec? 7, (5) 
| } 


i.e., the true ellipticity should always be higher than the observed."* 
This is an important result, because the sum of the light reflected by 


© See, e.g., E. Schoenberg, Theoretische Photometrie (‘“Handb. d. Astroph.,” erste 
Halfte, zweiter Teil), 1, 64. 

17 Cf. ibid., Appen., Table VIa. 

18 Eddington in his treatment gave the value 32/97?, which I am unable to check. 
Also his statement that the additional term is proportional to the reflection constant 
was likely to lead (and did lead, in fact, cf. Dugan, Princeton Contr., No. 13, p. 7) to 
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the two components, as their separation decreases, may become very 
considerable. Although the total amount of re-radiated light is un- 
observable itself, it may be fairly accurately predicted from the 
theory, and consequently one might expect that equation (5) could 
be applied in all practical cases. But it must be emphasized that its 
application would not be generally correct. 

It is clear that the amount of correction depends entirely on the 
form of the variation of reflection with the phase, and it is proper to 
remember that equation (3) is valid only under rather limited condi- 
tions. First, it disregards completely the darkening. In our case this 
feature of the problem is still more complicated by the circumstance 
that the darkening of the incident and reflected radiation is quite 
different."? The effect of this on the phase variations has been 
thoroughly investigated by Milne, who found that, if the degree of 
darkening of the incident radiation a, = o.6 (i.e., the same as that of 
the sun), the reflection follows the phase law: 


24 { (1 — cos 6)(1 — 3 cos 6) le + cos 30 | 
og | 











= 17 32 cos 40 > sin $0 | (6) 
1+scos@. sinOd+(m—6)cos0@) /[( 
+ 5 “ cos © | 
10 37 ) ) 


The harmonic analysis of this complicated expression can proceed 
only numerically, yielding 


0 .5{L¥*(o) — L¥(o)] cos 6+ 0.207 [L*(o) + L#(o)] cos 26+..... (7) 


The coefficient of cos 26 occurs again, but its value is about 10 per 
cent lower than that resulting from the neglect of the darkening. 

A more serious defect of law (3) is that it is strictly valid only if 
the beam of incident light is parallel. This will be approximately true 
either if the components are very distant—-but then the reflection 


some misunderstandings. This is true if we consider the reflection by one component 
only (as Eddington did); but if we consider the combined reflection, then the reflection 
constant will be proportional to the difference in the light reflected by each component, 
whereas the coefficient of cos 20 is proportional to their sum. This has already been 
pointed out by Walter (Kdnigsberg Veréff., No. 2, p. 9). 


19 Milne, op. cit., pp. 50-51; cf. also Pike, op. cit., p. 214. 
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itself will be inappreciable—or if both components are equal in size. 
Only the latter case is of practical importance. Thus, equation (5) 
may be applied with confidence only to systems with the radii ratio 
equal to or very near to unity, and may lead to quite erroneous 
results if applied to systems where the components are very unequal. 

In order to form an idea about the nature of the problem in this 
last case, let us make use of a formula recently suggested by Pike 
which is claimed to be a better approximation for close systems. 
Pike assumes the reflection to vary with the phase according to the 
law 


L*(o) cos" : + L*(o) sin” : : (8) 
where 7, and , are functions of the radius of either component, 
tabulated by Pike within certain ranges. For well-separated systems, 
the 7,’s are sensibly equal to 2, and increase with increasing r. 

Analyzing the foregoing expression, we find that the coefficient of 
cos 26 will be of the form 


Bly: Li(o) + yL7(0)] ; 


it depends again on the total amount of reflected light, but the y,’s 
depend on 7, and r,, their exact values being 








os se 
B aad 26 (RICK + 2) (Rk — 2)! OTRED Se. e:swars 
u (“) 
Ji = “ Le es , 


where IT denotes the Gauss function. Adopting the law of variation of 
the reflection with phase proposed by Pike, we see that the coefficient 
of cos 20 comes out, on the whole, smaller than that following from 
equation (3). Another interesting consequence of (8) is that, apart 
from the evident inequality of y, # y. for r, # r., the relationship 
between y and n is not monotonic but of an oscillating character. 
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Summarizing the second part of the present paper, we conclude 
that the reflection is always superposed upon the effect of the el- 
lipticity of a system, the true ellipticities being systematically higher 
than those directly obtained from the light-curves. The disturbing 
effect of the reflection is proportional to the sum of light reflected 
by each component. If the components are equal in size, the effect 
of the reflection can be taken into account, but for very unequal 
systems the amount of allowance due remains uncertain. 


It is my pleasure to express to Dr. Harlow Shapley my apprecia- 
tion for the opportunity of working at the Harvard College Observa- 
tory, where this study was carried out. 


HARVARD COLLEGE OBSERVATORY 
December 1938 








SPECTROGRAPHIC ELEMENTS FOR 6 CAPRICORNI* 
ROSCOE F. SANFORD 


ABSTRACT 

Observations.—Spectrograms of 6 Capricorni taken at Mount Wilson prolong the 
interval of observation of this star to about forty years. The Mount Wilson observa- 
tions, through their greater extension to the ultraviolet, have revealed a short-period 
spectroscopic binary as the real secondary to the primary already studied and dis- 
cussed by Merrill and by H. Spencer Jones. 

Orbits.—It has been possible, first, to improve all the elements of the primary, espe- 
cially the period; second, to get the semiamplitude of velocity variation of the center 
of mass of the short-period binary; and third, to derive elements for the principal star 
of the short-period binary. The two periods involved are 1374 and 8} days. Elements 
and functions depending upon them are given in Tables 2 and 6. 

Masses.—The masses of the three stars cannot be less than 4.4, 3.9, and o.g ©. How 
much they exceed these values depends upon the inclinations of the two orbit planes. 
Considerations of mass, luminosity, and spectral type seem to indicate that the 
inclinations probably do not differ much from go°. 

W. W. Campbell’ announced the radial-velocity variation of B 
Capricorni in 1899. Forty-five spectrograms accumulated at the 
Lick Observatory by 1908 yielded the velocities from which P. W. 
Merrill’ derived a set of elements for the spectrographic orbit of the 
primary star. 

Another series of seventeen spectrograms obtained at the Cape 
Observatory between 1908 and 1912 extends the interval of observa- 
tion another three years. H. Spencer Jones* formed normal places 
from the Lick and the Cape observations, on which he based a least- 
squares solution for corrections to Merrill’s elements. Merrill’s and 
Jones’s elements are given in the third and fourth columns of 
Table 1. 

Few, if any other, observations appear to have been made until 
1935. Then, at the request of Professor W. J. Luyten, three spectro- 
grams were obtained on succeeding nights with the coudé spectro- 
graph of the roo-inch reflector at Mount Wilson and sent to him for 
measurement without critical inspection. 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 605. 

1Ap. J., 10, 241, 1899. 

2 Lick Obs. Bull., 6, 5, 1910. 3 Ann. Cape Obs., 10, Part 8, 76, 1928. 
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The spectral region about the H and K lines of Cat are well 
exposed upon all three plates. This part of the spectrum was not 
observed in the earlier work at the Lick and Cape observatories. 

Luyten was interested in finding whether anything could be 
learned about the relative masses of the components of 8 Capricorni 
through the possible presence of the secondary’s lines in the spec- 
trum. The time chosen for observation corresponded to the maxi- 
mum velocity difference for the component stars and hence to the 
widest separation of their respective spectral lines. The velocity of 


TABLE 1 





MERRILL JONES SANFORD 
ELE _ Pee Res: eee a ae ee eee 2 
MENT 
Star A Star A Star A Stars (B+C) 
P. 137593 1378449 +1428 13749126 + 2406 137441 26 
r..’ JD 2416035 2416031.49 +2.102421521.26 +3.35|2421521.26 
W.. 124° 122.76 +0°92 T19.12 +1-20 299° 12 
ae 0.44 0.437+0.06 0.417+0.06 0.417 
K. 22.2 22.44 +0.19 21.93 +0.22 20.00 km/sec 
Pisani nas —18.8 —19.02 —18.94 —18.94 km/sec 
d sin 7. .1377,000,000 382,500,c00 395,050,000 360, 300,000 km 
WPIGMER Bc Gir g as cecear ind ale Scot ace a alo toe 4.35 O 4.77 O 











the primary agreed fairly well with prediction, but Luyten found no 
lines that could be ascribed to a secondary star having the same 
period as the primary. But the velocities derived from the Ca 1 lines 
H and K not only did not agree with the other lines but varied 
through a large range in the forty-eight hours covered by the three 
spectrograms. Plate XX reproduces this portion of the spectrum for 
the first and third of these three plates, which are adjusted to coinci- 
dence for the spectral lines of the primary. The manifest offset for 
the K line corresponds to 50 km/sec. 

Luyten then returned the spectrograms and called attention to 
this interesting result. Then it was noticed that the region of H and 
K was not normal for the dominant spectrum. Wide and quite deep 
absorption should go with the Go spectrum, whereas these three 
plates, well exposed in this region, show a narrow, fairly sharp K line 
on a background nearly as strong as any of the contiguous continu- 
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ous spectrum and a similar H line in the violet wing of a broad ab- 
sorption feature. This, of course, only added to the interest aroused 
by the rapid velocity change given by these lines. Observations 
covering the H and K region were undertaken at once in an effort to 
find the law of variation for the velocities from the Ca 1 lines. 

Practically all the Mount Wilson observations may be placed in 
two groups, the V series having a dispersion of approximately 
24 A/mm at H and K, and the coudé series with a dispersion of 
about 10 A/mm. 

It was soon evident that the period was indeed short relative to the 
primary’s period. This fact and the general appearance of the H and 
K region seemed most easily explained by assuming that the primary 
of class Go has for a secondary in its long-period orbit not a single 
star but a close double. The brighter member of the double seems 
to be of class B8 and to furnish the Ca u lines which show the rapid 
velocity shifts. Before many spectrograms had been measured Dr. 
W. 5S. Adams found that S711 lines at AX 3853, 3856, and 3862 are 
present and have the same velocity shifts as H and K. 

One spectrogram of 8 Capricorni has been obtained with a quartz 
spectrograph at the coudé focus of the 1oo-inch reflector. In it the 
lines of the Go-type spectrum can still be well seen, though veiled, 
down to the limit at about \ 3200 A. This would indicate that the 
brightness of the B8 star cannot much exceed that of the Go star 
even at this wave length. In the H and K region the B8 star would 
then probably be considerably fainter than the Go star. This, in fact, 
appears to be the case; for a broad dip, corresponding to the K line of 
the Go star, is easily seen if the adjacent continuous spectrum is not 
too strongly exposed. That the Ca 11 lines of the BS star are still 
observable, although it is noticeably fainter than the Go star, is 
due to the windows in the brighter star’s spectrum provided by the 
broad H and K lines. Windows furnished by the band absorption of 
cyanogen explain the possibility of observing $7 1. The other lines 
of the B8 star would then be masked by the continuous spectrum of 
the relatively bright Go star, another fact of observation. 

Observations were continued through the 1938 season. The spec- 
trograms suitable for measurement are listed in the second group in 
Table 2, where the plate numbers serve to show which dispersion was 
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TABLE 2 
RADIAL VELOCITIES OF 6 CAPRICORNI 
































ny Star B FROM Cau 
JD AND S11 
PxiaTE No. (G.C.T.) PHASE 
Obs. Vel.* O-C Obs. Vel. O-C 
days km/sec km/sec km/sec km/sec 

2414518 .3 1241.8 — 5.4 +0.9 
4791.5 140.9 | —43.4 +0.3 
92.5 141.9 —45.9 —2.2 
4805 . 5 154.9 | —44.5 eae 
ES25 104.9 — 42 of ao See 
21.5 170.9 —42.4 —0.5 
33-4 182.8 | —41.1 +0.7 
49.4 198.8 —40.3 —0.3 
61.4 210.8 = 30.7 =0:-0 
80.3 220.7 —37.8 +0.2 
83.3 232.7 —=35:0 10 
4903.2 252.6 —35.2 +o.8 
0g. 2 258.6 — 34.5 +1.0 
19.2 268.6 — 35.1 —O.I 
24.1 33:5 | —30 -Pr.s 
25:2 274.6 — 33.8 +0.7 
AS. 3 2904.5 —31.8 +1.4 
5155-5 504.9 — 20.9 O08 
5204.5 553-9 | —10.7 +1.7 

are 45.3 5904.7 —16.2 +o.2 | 

ba ey 83.2 632.6 +13.6 +1.2 | 
a Wa Wee $357.2 666.6 +11.8 +1.6 
5518.5 867.9 + 6.1 +0.2 
76.4 925 + 5.6 —1.2 

5618.3 967.7 | + 3.4 —0.4 | 

7S 2 1022.6 + 2.7 —o.6 | 
5890.5 1245.9 + 7.4 +0.6 
5909.5 1258.9 | + 8.9 +0.4 
acs 1274.9 +12.2 —0.4 
390.4 1288.8 +14.5 —0.4 
63.4 1312.8 +18.6 +o0.2 
75-3 1324.7 | +20.4 +0.9 
81.3 1330.7 +23.0 0.0 
88.3 1337.7 +25.2 —0.2 
6003. 2 1352.6 +29.8 —1.0 
See eee 23.2 1372.6 +33.7 +o.1 
SER age: 42.9 7 fe +36.2 —0.2 
6332.3 307.6 | +32.6 —0.3 
Se atte ete + 326.6 +30.4 +o.6 
eer Re 90:2" 354.5 +31.2 —1.9 
caine eites 6418.1 393.4 +25.8 +1.0 
8221.8 822.9 — 7.4C +0.5 
SE ae 22.8 823.9 — 7.7C +o.2 
een SIE 24.8 825.9 — 8.5C —0.7 
ee: 33.8 834.9 — 8.3C —o.8 





* Velocities from the Cape Observatory are followed by the letter ‘‘C”’; all others without plate numbers 
are from the Lick Observatory. The rest were obtained at Mount Wilson. 
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TABLE 2—Continued 











) 
a Star B FROM Cau 
JD AND S1 II 
PLaTE No. GCT) PHASE 
Obs. Vel. O-C Obs. Vel. | Oo-¢ 
days km/sec km/sec km/sec | km/sec 
2418427.2 1028.3 —<— Drei.) Ole: Ober faevien Es, eran 
44.2 1045.3 -2.1C | -0.4 Feieoirena tiga 
$532.3 1133.4 — 2.0 > G28 See rey oe 
53-9 1155.0 = 5G) SRR. Beha: ccscbopseonent 
57-4 1158.5 — 1.0C St? ae Serene Seon erp » 
64.2 1165.3 — 1.8 | So le CROP ee Paha ey races 
75.9 TEV | 4 SO] omy By eotews ce feoeans aes 
8606.1 1207.2 — 4.1 | Ge Welsh deacaeecake RE te 
10.8 1211.9 ee fs OA Co se ne 
44.1 1245.2 — 7.0 MOBO | Fels Sic st hank Pare bees 
8959.8 186.8 —43.4C | PEM Vicky votes thee ee 
66.8 193.8 A BY SR Ee cc ste orc Ble oscars 
g184.2 411.2 “HER ) WE Bvevacesieaaakiawes 
9205.2 432.2 —24.3C | FO. i kala ead 
Q211.2 438.2 —25.6C |] —-1.3 ce eee Saft 
9313.8 540.8 —19.7C} 0.7 
ee 9672.9 899.9 — 4.8C ce | Ce re Sn! Neeeateaeeers, © 
y 6056. .|2421447.315 1300.2 =99.0 | SHSe8 Wicaeaccoabos seuss 
oY 7201... 1854.256 333.0 33.2 | =—2.5 sired 2 Reesw a eae ee ean 
Ce 954 8055.155 1037.4 — 0.8 +1.1 — 6.5 — 2.2 
Ge. . O87... 56.174 1038.4 + 0.8 +2.7 —20.8 +12.0 
Ce 061: . 57.229 1039.5 — 3.7 —1.8 —56.6 — 8.0 
\ 1107.. 64.121 1040.4 Boe —1.7 —12.5 + 1.3 
Ce 1046 8290. 458 1281.7 —I1.9 +1.1 — 26.9 + 1.9 
Ce 1051.. 8300.475 1282.7 —10.8 2.2 — 36.2 + 4.7 
Ce 1057.. 01.478 1283.7 —II.4 +1.9 —50.6 — 3.4 
| Ce 1059.. 24.406 1300.6 —16.9 +1.0 — 1.4 — 3.6 
Ce 1064.. 25.458 1307.7 —18.7 —0.7 —24.9 — 1.1 
Ce 1067. 54.420 | 1336.7 | —24.3 +0.5 ~3$7.4 + 6.7 
Ce 1073. 56.420 1338.7 —27.0 —2.0 —EPeS 0.0 
Vs1444.. 56.319 1338.6 —26.0 —1.0 —18.8 + 1.7 
\ 1458. . 79.239 1361.5 — 30.0 +1.0 —31.8 — 3.5 
Vi 1468 80.328 | 1362.5 | —27.7 *3<3 “$59 hel 
Vs1475. 81.414 | 1363.6 | —32.6 —o.8 —23.8 + 3.9 
Y 21044.. 83.278 1365.5 — 28.9 ‘4 +19.6 — 0.4 
Ce 1084.. 84.254 1360.5 — 34.0 —1.3 +45.5 + 1.8 
| Ce 1089... 85.335 | 1367.6 | —33.7 —o.8 +16.2 + 4.4 
Ce 10094.. 86.352 1368.6 — 30.6 —2.3 —14.8 — 3.5 
| Ce 1008. 87.410 1369.6 — 35.0 —2.0 —19.6 + 3.7 
Ce 1102.. 88.358 1370.6 — 33.8 —0.5 — 33.1 — 4.8 
V_s15sos.. 92.204 0.4 —36.2 —2.2 +33.0 — 3.9 
™ Ser... 93-314 3. | 38.3 7459 +35.6 + 0.6 
Ce 1125... 8412. 238 20.4 — 39.0 0.0 — 1.6 + 2.9 
Ce 1128.. 13.158 21.3 —40.0 —o.8 —13.0 + 2.9 
M  Seg2. 13.307 21.4 — 30.4 —0.2 —12.7 + 4.7 
Ce 1139.. 14.158 22.3 — 33.6 5.6 —21.2 + 1.8 
Ce 1141.. 18.146 26.3 —42.9 —3.0 +33.4 0.0 
No eae. 18.212 26.3 —38.4 +1.6 +38.1 + 1.8 


























338 ROSCOE F. SANFORD 


TABLE 2—Continued 






































ere STAR B FROM Cau 
JD : AND S71 II 

PLATE No. GCT) PHASE ed Vases ee eee eee ee ee 
Obs. Vel O-C Obs. Vel. O-C 
days km/sec km/sec km/sec km/sec 
Ce 1148. .|2428419. 309 27.4 —46.8 —6.8 +35.2 — 5.1 
VY <zsce... 20.190 28.3 43.2 —3.0 +15.5 + 2.1 
Ce 1153.. 41.179 49.3 44.3 —1.5 —20.5 + 1.1 
Vs 1598.. 42.184 50.3 2.4 +0.) 2.3 + 5.4 
Vs 1604.. 43.126 s1.2 460.6 —3.3 — 4.2 — 0.9 
Ce 1168. 47.146 55.3 41.4 2.2 + 6.5 + 9.5 
Ce E19s 48.151 56.3 2.2 +1.5 —I4.1 + 0.1 
Vo 162%... 70.125 78.2 45.6 —o.6 35.4 + 1.5 
WY $645. 78.125 86.2 50.2 —5.0 + 1.6 — 5.9 
Vo 6}4... 8504.082 112.2 47.4 —2.2 — 9.4 —14.1 
V ‘675... 05.086 113.2 40.9 —1.9 +44.8 | — 0.6 
V 19863)". 8655.491 203.6 33.8 +1.5 43.2% =~ 3s 
V1864. 55.511 264.6 3108 +2.7 —16.4 - 4.6 
Ce 13066... 78.491 286.5 35.6 —2.0 +24.9 — 3.7 
Ce 1360.. 79.493 287.6 32.4 +r.1 | +38.9 Baz 
VV 1886.. 81.488 289.6 30.5 +2.9 —17.2 — 4.7 
Vs 1902.. 8705 .417 313.5 32.0 —O.1 +36.8 rAd 
Ce 138s. 07.488 315.6 32.0 —0.3 —12.0 + 1.7 
Ce 1388.. 08.474 316.6 30.3 +1.3 —24.1 + 0.7 
Ce. 5307: 09.490 317.6 31.6 | 0.0 — 34.0 di TR 
Ce 1428.. 44.283 362.4 29.7 | —0.3 = 22:10 = 8g 
V 1070.. 46. 303 354.4 30.5 | —1.2 —27.2 — 1.2 
Ge: gasr.; 71.276 3790.4 ye | +o0.8 — 37.2 — 2.2 
Ce’ 1457. 72.199 380.3 30.4 —2.7 —27.2 + 1.9 
Ce. 1464... 73-272 381.4 30.6 | —3.0 —15.6 —10.5 
Vs 1997.. 74.312 382.4 | +33.6 3.3 
Vs 2001.. 75.285 383.4 25.6 | +1.9 +21.4 — 2.4 
Ce 1406.. 8804.118 Ar2.2 27.2 —1.6 —27.0 + 5.0 
Ce 1532. 30.125 438.2 2. | re 37-8 5 
V wos. 32.106 440.2 ae —32.2 | + 6.1 
V 2085 33.101 441.2 20.8 +3.2 —30.3 | +0.3 
¥° B00r:. 34.009 442.2 21.0 +2.1 — 6.6 | — 0.7 
Ge 1563: 60.119 468.2 20.7 +2.0 — 8.4 — 0.7 
Ce 1687.. Q040.474 648.6 13.6 +0.6 — 38.4 + 8.7 
Ce 1690. 63.483 671.6 rc5 —0.3 — 32.9 + 0.6 
Ce 1707. . 66. 483 674.6 14.2 —1.0 —44.3 + 3.6 
Ce 1738.. 77.490 685.6 12.6 0.0 — 1.6 — 2.2 
a ee 93.308 701.4 14.2 —2.0 42.5 + 0.7 
Ni (226 4 9128.172 730.3 16.6 —5.7 — 36 + 6.3 
Y 21365.: 52.220 760.2 12.0 —1.8 —50.6 + 0.1 
Ce 1786.. 5.599 761.2 10.2 —0.2 — 53.6 — 2.1 
Ce 1799.. g181.149 789.2 | —10.7 —1.6 — 30.0 — 8.0 

| 








used. The first group includes the Lick and the Cape (C) Observa- 
tory velocities. 
The interval between the first and last observations of Table 2 is 
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forty years and covers more than ten revolutions of the primary. 
The complete data should therefore furnish a far more accurate 
period than could be found when the observations covered but four- 
teen years. In fact, it seemed worth while to attempt the correction 
by least-squares of all of Merrill’s elements for the primary. 

It was convenient and quite admissible to form normal places 
from the individual velocities of the primary given in the fourth 
column of Table 2, keeping the three series separate, however. 
These normals—1o, 7, and 14 for the Lick, Cape, and Mount Wilson 
observatories, respectively—are in Table 3. The number of plates 
in each normal varies widely because it was deemed best to combine 
into a single normal only those covering a comparatively short phase 
interval and not widely separated in the time of observation. The 
normal places were compared with velocities derived from a set of 
preliminary elements. The new observations seemed to indicate a 
period definitely shorter than Merrill’s instead of longer, as found by 
Jones. Except for fairly obvious changes in P and T, Merrill's ele- 
ments were therefore chosen as preliminary values. The revised ele- 
ments from this solution are given in the fifth column of Table 1. 
The corresponding value of Spx? is 62 per cent of that from the pre- 
liminary elements used. 

The three sets of elements given in Table 1 do not differ signifi- 
cantly except for the period P. Jones’s solution increased Merrill’s 
value by 3.19 days, whereas the present discussion decreases it 1.17 
days. The data now available, however, extend over a much larger 
number of revolutions; and, what is even more important for the 
determination of the period, the steep descending branch of the 
velocity-curve is well covered at two widely separated epochs. At 
the same time, a comparison of the residuals in the fifth column of 
Table 2 with Jones’s values shows that the representation of the 
Cape and the Lick observations has not suffered by the revision. 

As observations accumulated, it became evident that the velocities 
derived from the Si 1 and Ca 1 lines varied in a period of something 
over eight days. The value finally determined from the Mount Wil- 
son observations covering approximately 170 periods was 8.6780 
days. Although the form of the short-period variation appeared to 
remain constant, it was soon found that the mean velocity about 


Bre Te ee ee 








ROSCOE F. SANFORD 


TABLE 3 

















Phase No. of Velocity 
(Days) Plates* (Km/Sec) 
Lick 

182.8 10 —41.8 
300.0 10 32.4 
590.5 5 | 15.8 
946.0 4 | “ies 
1249.2 3 | 4.2 
1202.1 3 rs 
1331.0 2 22.9 
1303.9 3 33.2 
1149.4 2 1.9 
1226.2 2 — 5.5 
Cape 

$20.9 4 — 8.0 
1030.8 2 Dz 
1175.7 4 3.1 
190.3 2 42.4 
427.2 3 25.0 
540.8 I 19.7 
899.9 I — 4.8 

Mount Wilson 

1038.4 3Ce — 1.2 
1292.5 5 Ce 13.9 
1357-2 5¥ 31.9 
1359.8 7 Ce . de 
[S60 5 V 39.1 
22% 4 Ce 37.0 
53.6 3 Ce 2.6 
81.9 6V 40.5 
304.8 5 Ce 22 4 
344.0 8V 28.4 
373-4 4 Ce 29.6 
439.0 2Ce 24.4 
670.1 4 Ce ian6 
701.4 1V 14.2 
761.2 rice —10.2 











* V following the number indicates that all plates in the normal are of 


the V 


series; Ce, that all are coudé plates. 
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which the curve oscillated simulates that of a secondary to the 
primary star having a period of 1374 days. In other words, 8 Cap- 
ricorni is a system comprised of the three stars, A, B, and C. A and 
(B + C) are the primary and the secondary of the long-period 
binary; B and C, the brighter and the fainter stars of the short- 
period binary. Only the Go type of star A and the B8 spectrum 
of star B can be observed. 

A velocity-curve for the center of mass of (B + C) could be ob- 
tained from the velocities based upon S7 11 and Ca 11 if B’s velocity- 


TABLE 4 


8 CAPRICORNI—NORMAL PLACES FOR (B+C) 
FROM COUDE SPECTROGRAMS 


Phase Velocity Oo=-C 
| 

days km/sec km/sec 
1038.4.. — 34-0 +0.5 
1282.7... eit —23.3 1.1 
13072. ; —22.0 —3.0 
1337.0 ‘ | —= 5. O as, Ce 
1368.6... — 3.3 +2.2 
a + 1.3 +1.8 
i ae + 6.4 weit, 
LY oe iP = §.3 = 2 & 
409.3. 14.3 —2.0 
O75. E-, 92. +1.8 
718.8 — 20.9 nl SPH 











curve about the zero axis were known. The approximate shape of the 
short-period curve was determined from the observations of August, 
1936, and used to find rough values for the velocity of (B + C). 
With these the velocity-curve of (B + C) could be approximated. 
This curve then permitted the derivation of velocities for B about 
the zero axis for all the spectrograms measured and hence of an im- 
proved velocity-curve for B. Successive repetitions of this process 
soon led to values which showed no further significant change. 

At this stage normal places were derived for the velocities of 
(B + C) based only on results from coudé plates (Table 4). The ele- 
ments P, 7, w, e, and y are better determined from star A. The 
semiamplitude of velocity variation, Ay +c, was, however, found by a 
least-squares solution to be 20.00 km/sec. 
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The normal places for A and (B + C) from Tables 3 and 4 are 
plotted in Figure 1, together with the curves corresponding to the 
adopted elements in Table 1. The residuals appearing in Tables 3 
and 4 were scaled from the figure. 

The individual velocities of B, freed from the center-of-mass 
velocities of (B + C), were examined next to be sure that they 
showed no change with phase in the long-period orbit. Since the ob- 
servations cover many revolutions in the short-period orbit, the 
period 8.6780 days could be assumed to be accurate. The individual 
observations were therefore grouped into normal places strictly by 
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Fic. 1.—Radial-velocity curves of A and the center of mass of (B + C) 


phase intervals within which velocity changes were closely linear 
(Table 5 and Fig. 2). 

A free-hand curve through the plotted points was used for a 
graphical determination of the elements of B’s orbit. Since the data 
depend on an approximation process, there seems little justification 
for a least-squares adjustment of these elements. The preliminary 
values were modified largely by cut and try methods until the nor- 
mal places of Table 5 were reasonably well represented. The adopted 
elements in Table 6 are the basis of the velocity-curve in Figure 2. 

Table t contains the elements for star A and the center of mass 
of (B + C);and Table 6, those for star B. Figure 1 is based upon the 
former, and Figure 2 upon the latter. The residuals for the primary 
given in Table 2 have been obtained by comparing the observed 
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velocities with values scaled from the velocity-curve of A. As al- 
ready mentioned, the representation of the Lick and Cape observa- 
tions compares favorably with that obtained by Jones. The Mount 
Wilson observations, however, are not in agreement with Jones’s 
elements. 

TABLE 5 


B CAPRICORNI—NORMAL PLACES FOR STAR B 
ABOUT ZERO AXIS 








Phase No. of Plates* Velocity O-C 
days km/sec km/sec 

St ask (one 2VvV —22.8 +2.1 
+5.638 7 Ce —21.9 +2.4 
+6.516 5 Vv —15.4 +2.3 
+7.146 2V — 6.6 +0.4 
—1.215 3 Ce — 0.6 —2.3 
—1.197 3V ~ 34 ~$.9 
—0.622. 2V +30.7 +5.2 
—0.522. 3 Ce +28.7 —1.3 
—o. 2609. 4V + 39.9 —1.6 
+0. 435 1V +43.3 ~“.9 
+0.450 2Ce +48 .2 +0.7 
+o.699 1 Ce +35.1 —5.7 
+o.808 2V +36.0 —1.0 
+1.237 3 Ce + 23.1 +o.4 
+1.444 2V +18.7 2.4 
2.392 8 Ce — 2.8 “Faia 
+2.572 3V —I1.4 —3.7 
+3.292 4 Ce —15.9 +o.1 
+3.588 5 Ce —18.8 +o.2 
+ 3.665 3V —19.2 +o0.4 
+4.388 4 Ce —25.4 —1.7 
+4.568.. 1V — 23.4 +11 














* V following the number indicates that all plates in the normal are 
of the V series; Ce, that all are coudé plates. 


The velocities obtained from Ca 11 and Si 11 appear in the sixth 
column of Table 2 and are assumed to be a composite of the velocities 
of B about the center of mass of (B + C) and of the center-of-mass 
velocity of (B + C). The residuals corresponding to this assumption 
are in the last column of the table. Four plates—V 1674, Ce 957, 
1464, and 1687—give large residuals. Remeasurement confirmed the 
original velocities. Since for the V series the dispersion is moderate 
and the velocity usually depends largely upon the K line alone, the 
residual for V 1674 need cause no concern. The coudé spectrograms, 
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oO 


on the other hand, have a much larger dispersion and furnish from 
two to five lines for measurement. There is no evidence of system- 
atic errors in the three plates in question, since the velocities for 
star A give normal residuals. Such residuals are to be regretted but 


TABLE 6 


6B CAPRICORNI— ORBITAL ELEMENTS OF STAR B 


oe ee 8.6780 days 
Periastron passage (7°). JD 2428383 .808 G.C.T. 
Angle periastron (w). . 343°24 
Eccentricity (e)..... 0.36 
Semiamplitude of velocity variation (A) 37-9 km/sec 
Velocity of system (7).............. 0.0 km/sec 
GAS ee aia eeeanes 4,226,000 km 


3 ° . 2 
mo sins 1 
——— 0.040 © 
(Mp + mc)? 





KM/SEC) 


+60 + | [ee mane 6 














-30 = 
~20 0 mL) +2 +20 +30 +40 +50 +69 +7° PHASE 


Fic. 2.—Radial-velocity curve of star B referred to zero axis. The plotted normal 
places have been formed from the velocities of star B based upon the Cam and S71 
lines, after the effect of the velocity variation of the center of mass of (B + C) has been 
eliminated from these measures. The less accurate normals from the V-series are the 


larger plotted circles. 


are possibly no larger than occasionally to be expected in velocities 
based in no case on more than five lines. 

An approximation for the relative magnitudes of the stars in- 
volved in this triple system might possibly be obtained from a 
photometric treatment of the spectrum. But the assumptions in- 
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volved are so uncertain that the matter has not been attempted 
even qualitatively. As already mentioned, it seems certain that in 
the H and K region star B must be considerably fainter than star A. 
Also, C must be fainter than B, since on none of the plates are the 
Cau and Si 11 lines double, as would occasionally be the case if C 
were comparable in brightness with B. If C approximated B in mag- 
nitude but was later in spectral type, it would certainly produce 
effects upon the integrated spectrum that are not observed, e.g.. 
provide broad absorption at K which, combining with that for star 
A, would reduce the continuous spectrum much more than is ob- 
served. 

The smallest masses permitted by the adopted elements, corre- 
sponding to i = go’ for both orbits, are 4.4, 3.9, and 0.9 © for A, B, 
and C, respectively. The mass-luminosity law gives as correspond- 
ing absolute magnitudes —o.4, +0.3, and +5.0. The value for A 
(—o.4) is not far from the mean of that found spectroscopically 
(+2) and that obtained from the mean trigonometric parallax 
(—2.4). Moreover, these three values agree with the magnitude- 
spectrum diagram, provided A is a Go giant, B a normal B8 star, and 
C a main-sequence star of about spectral class G5. For values of 7 
less than go° the masses will be larger, the absolute magnitudes from 
the mass-luminosity law will increase, conforming more nearly with 
the trigonometric parallax, and the fit with the magnitude-spectrum 
diagram will be less satisfactory. These considerations, together with 
the fact that the relative intensities of the spectra of A, B, and C are 
not at variance with the relations of the absolute magnitudes —o.4, 
+0o.3, and 5.0, are evidence of some merit that 7 does not differ great- 
ly from go”. 

It follows simply from the orbital dimensions and probable diame- 
ters of the stars that a very small departure of i from go” is sufficient 
to prevent an eclipse of A by the other stars. A partial eclipse of B 
by C, and vice versa, is still possible with a considerably greater 
departure of its i from go’. But to be detected from its effect on the 
integrated light of A, B, and C, the eclipse would require that a large 
percentage of B or C be covered; in other words, it would also require 
values of 7 close to go’. Considerations of mass, luminosity, and 
spectrum have indicated that 7 is probably not far from go°. The 
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dimensions of the orbits and probable diameters of the stars point to 
the possibility of detectable variation in the integrated light of 8 
Capricorni only in case 7 is very close to go” for both long- and short- 
period orbits. No variation of light is known. The elements which 
have been obtained should serve to indicate the best times of ob- 


servation for effects of eclipse. 


I am greatly indebted to Messrs. W. S. Adams and O. C. Wilson 
for many of the spectrograms listed in Table 2. 


CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
December 1938 























THE SPECTRA OF BRIGHT CHROMOSPHERIC 
ERUPTIONS FROM \j 3300 TO 2X 11500* 


R. S. RICHARDSON AND R. MINKOWSKI 


ABSTRACT 

Photographs of five chromospheric eruptions of intensity 2 and 3 were obtained with 
a concave-grating spectrograph including an all-mirror optical system. The spectral 
regions covered were AA 3300-4000, 3900-6900, 8000~-8g00, and 10000-11500. The 
following lines showed emission over bright eruptions on the disk: \ 10830 of He, the 
infrared triplet of Ca 11, the Balmer series from Ha to Ht, and AX 3968.4094, 3933-684, 
3730.919 of Cal. Bright eruptions at the limb, in addition to the lines above, showed 
AA 10938.12 and 10049.39 of H; AX 6678.149, 5875.79, and 4471.48 of He. No emission 
was observed at the limit of the Balmer series. There was no evidence that black- 
body radiation is associated with the bright eruptions. 

It is pointed out that A 584 of He may be of importance in producing variations in 
ionization at high levels in the ionosphere. 

The first description of what is now generally known as a bright 
chromospheric eruption was made independently by Carrington‘ and 
by Hodgson? on September 1, 1859. This eruption has the distinction 
of being not only the first on record but also the brightest ever 
observed. Carrington’s account is especially interesting, for it is 
typical of the experience of many observers on seeing one of these 
spectacular outbursts for the first time. 

He was engaged in making his daily drawing of the sunspots when 
two patches of intensely bright white light suddenly broke out in 
the region of a large spot-group. At first he thought that a ray had 
penetrated the screen used to shade the image from diffuse light. 
But, on moving the image in right ascension, the bright spots moved 
along with it, convincing him at once that they were a solar phe- 
nomenon of an entirely new type. He noted the time, and then, 
thinking that it might be advisable to have someone to corroborate 
his story later on, rushed out of the room in search of a witness. Re- 

- b] 
turning a minute later, he was much chagrined to find that the out- 
burst was fading rapidly. A few minutes later it had vanished en- 
tirely, and, although he kept a close watch for an hour, there was no 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 606. 


*M.N., 20, 13, 1859. 2 Tbid., p. 15. 
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further activity. Fortunately, Hodgson also happened to be observ- 
ing the sun at the same time, and his account agrees closely with 
that of Carrington. Since then many eruptions, evidently of the 
same kind, have been observed, but always as emission within some 
absorption line, usually Ha. The eruption of September 1, 1850, is 
the only one that became bright enough to be visible in integrated 
sunlight. 

In 1931 Hale? summarized some remarkable eruptions that had 
been well observed and discussed their possible connection with 
terrestrial magnetic storms and auroras. The material was so scanty, 
however, that general conclusions were difficult—a circumstance not 
surprising in view of the scarcity of eruptions of exceptional bril- 
liance, their short lifetime, and, above all, the total lack of any 
systematic effort to detect them. 

This situation was decidedly altered in 1928 when Hale‘ finally 
succeeded in constructing a practical spectrohelioscope based on 
principles that had been well understood for over fifty years. Since 
with this instrument it is possible to see a large part of the solar disk 
much as it appears on a hydrogen spectroheliogram, any unusual 
activity is easily observed. By 1931 twenty-five coelostats and 
spectrohelioscopes had been distributed to stations all around the 
world and a co-operative plan adopted whereby the sun could be 
kept under continual observation. Anyone witnessing an eruption 
notes the time when it is first and last seen and its position, and 
estimates its intensity on a scale of 1 to 3. These records are sent to 
Zurich, which acts as a clearing house and publishes quarterly a 
complete report, together with several other indices of solar activity. 

This program was started with no very definite object in mind 
other than to obtain better data for testing possible solar and terres- 
trial relationships. In 1935 a new incentive was given to workers in 
this field when J. H. Dellinger’ called attention to a series of sudden 
and widespread fade-outs of high-frequency wireless transmission 
over the daylight side of the earth, and suggested that they might be 
connected with the bright eruptions described in Hale’s paper. This 
idea was partially confirmed when by a fortunate coincidence it was 

3 Mt. W. Contr., No. 425; Ap. J., 73, 379, 1931. 

4 Proc. Nat. Acad., 10, 361, 1924. 5 Phys. Rev., 48, 705, 1935. 
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found that several spectroheliograms had been taken while the fade- 
outs were in progress and that eruptions had actually occurred at 
these times. The prospect of establishing a new solar and terrestrial 
relationship now seemed so promising that special observations were 
made at Mount Wilson for this purpose. Although some results gen- 
erally favorable to this view were obtained, a positive answer was 
not forthcoming until April 8, 1936. On that date an eruption of 
exceptional brilliance was observed both at the Carnegie Institu- 
tion’s magnetic observatory at Huancayo, Peru,’ and at Mount Wil- 
son.*® Simultaneously, the instruments at Huancayo recorded a fade- 
out of ionosphere echoes and sudden disturbances in earth currents 
and the earth’s magnetic field. The probability that four phenomena 
of such an unusual and definite character should all occur at once is 
practically negligible. In this single case, at least, it could be con- 
fidently asserted that a particular event on the sun had produced 
certain particular effects on the earth, and that the energy had been 
transmitted with the velocity of light. 

This immediately stimulated research in a branch of astrophysics 
that previously had been somewhat neglected. Both the solar out- 
bursts and their terrestrial effects have now been discussed in con- 
siderable detail. Enough data have accumulated to enable investi- 
gators in England,’ Australia,’® France,’ Germany,” and the United 
States'’ to come to an agreement on the reality of the effect—a re- 
markable result in itself. 

The most important terrestrial effects are the fade-outs in short- 
wave wireless signals on the daylight side of the earth and a sudden 
change of the magnetic elements in the same sense as the diurnal 
variation. It should be emphasized that the magnetic disturbance is 
of a type previously unrecognized‘ and must not be confused with a 
magnetic storm, which it does not resemble in any way. The fade- 
outs are attributed to an increase of ionization in the lowest level of 


6 Pub. A.S.P., 47, 325, 1935- 

7 Terr. Mag., 41, 190, 1936. 

8 Pub. A.S.P., 48, 178, 1936; Terr. Mag., 41, 197, 1936. 

9M.N., 97, 504, 1937. 12 Zs. J. ADs, 345:229;:1037- 
10 Nature, 140, 603, 1937. 13 Terr. Mag., 42, 49, 1937. 


™ La Météorologie, January-February, 1938. 14 Phys. Rev., 52, 155, 1937. 
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the ionosphere, called the D layer, at an elevation of only about 
100 km. These effects are readily explained on the assumption of an 
intense burst of ultraviolet light from the eruptive flocculi, capable 
of penetrating the earth’s atmosphere to the D layer and temporarily 
producing a high degree of ionization."® On this basis the emission 
most commonly observed in Ha is regarded as being of minor im- 
portance, the really effective radiation coming from the unobserv- 
able ultraviolet part of the spectrum. 

This hypothesis can best be tested by studying the spectra of the 
bright eruptions. The results obtained from photographs of bright 
eruptions taken from July 1 to December 10, 1938, follow. 


APPARATUS AND METHOD OF OBSERVATION 


The photographs were taken with a concave-grating spectro- 
graph adjusted so that the second order was in focus from \ 3900 
to \ 7000, giving a dispersion of 8.8 A/mm. Light from the coelo- 
stat and flat at the top of the 60-foot tower telescope was reflected 
in succession from a concave off-axis mirror, a convex, and a flat to 
form, finally, a 7-inch solar image on the slit. The mirrors are all 
aluminium coated. A spectrohelioscope was installed a few feet from 
the spectrograph, so that the beam from the coelostat could be 
swung quickly from one to the other. The disk was scanned almost 
continuously with the spectrohelioscope. When an eruption oc- 
curred, its position was identified, and it was then brought onto the 
slit of the spectrograph as closely as possible. The bright flocculi 
were then examined in detail with an eyepiece inserted in the 
spectrograph at the position of H in the third order. The brightest 
part was then centered on the slit by means of the guiding eyepiece 
and the slow motions that control the coelostat and flat. The ex- 
posures were made, while guiding with the eyepiece, simply by 
operating a shutter. 

The ultraviolet and visual regions were photographed on 35-mm 
motion-picture film, stretched along the focal curve between two 
spools, each capable of holding too feet of film. After an exposure 
the correct length of film could be wound up for the next one by 


1S Nature, 140, 603, 1937. 
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watching a counter on the side of the magazine that held the film. 
Since the exposures were only a few seconds long, a large number 
could be taken during an eruption. In the infrared, short strips of 
glass plate had to be used instead of film, which made it necessary 
to reload the magazine in the darkroom. 

The region \X 3300-4000 was photographed in the third order on 
positive film through a UG-2 filter; AX 3900-6900 was secured in the 
second order on II-F emulsion. To photograph the region AX 8000 
8goo in the first order, 144-P plates were used directly without 
ammoniating. The Eastman I-Z emulsion sensitized with am- 
monia was used to photograph the interval AX 10000-11500. The 
infrared was photographed through a X 6300 filter. 

Exceptionally bright eruptions are rather difficult to photograph, 
owing to their scarcity, their short lifetime, and the fact that they 
appear suddenly without any previous warning. The observer is in 
a position somewhat similar to that of a man trying to photograph 
the corona without knowing when an eclipse will occur. He must 
watch continuously and keep his instruments always in readiness for 
the moment when they will suddenly be needed. 

Since the observations were made shortly after sunspot maximum, 
spots were exceptionally plentiful. Hardly a day passed without 
seeing two or three eruptions of intensity <1, evidence that they are 
not an especially rare solar phenomenon. But while small outbursts 
are fairly common, a really bright eruption is a rare event, only five 
being observed that were called 2 and 3. 

In the beginning, it was hoped to obtain accurate intensities of the 
emission in different lines; but difficulties in developing the film uni- 
formly and in eliminating scattered light in the spectrograph turned 
out to be greater than anticipated. In consequence, this part of 
the program had to be abandoned. The intensities in Table 1 are 
therefore only eye-estimates, and somewhat uncertain owing to 
photometric errors. In addition, since the whole spectral region 
could not be photographed at once, the intensities are from exposures 
made at different stages of the development of an eruption and also 
on different eruptions. But since the range of intensity among the 
different lines is small, it is believed that the estimates are fairly 
trustworthy. They are a combination of the total area of the emis- 
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sion and its brightness in terms of the neighboring continuous spec- 
trum. 

There appears to be no essential difference in the spectral char- 
acteristics of the eruptions; that is, an eruption of intensity 3 differs 
from one of intensity 1 only in brightness. In eruptions of intensity 
2 and 3, the emission in //a is generally at least as bright as that of 
the continuous spectrum nearby. 


TABLE 1 


LINES AFFECTED IN BRIGHT CHROMOSPHERIC ERUPTIONS 





























INTENSITY 
Ara IDENT. aa = 
Disk Chrom. 
10938.12 Hi 10 12.04 
LOS20 57... He 25 30 19.74 
10049. 39 H 7 12.04 
8662.17. Ca Il 7 4 1.685 
se Ay ae Ca Il 10 7 1.693 
8498.06.... Ca Il 5 fe) 1.685 
6678.149... He 10 21:33 
6562.816... Ha 50 100 10.16 
5875.79....-| He(D3) 15 20.87 
4861 .344... Hp 40 30 10.16 
4471. AS... : He aye 5 20.87 
4340.477.. Hy 30 15 10.10 
AIOT GSO). 16 25 10 10.16 
3970.078....| He 30 10 10.16 
3968.404... Ca U1 (H) | 70 25 ©.000 
39033 .684 Ca I1(K) 100 30 0.000 
3889 .052 He | 20 8 10.16 
8ec. 287)... Hn 15 10.16 
3797.QOO0... H0 10 10.16 
BOIOCOS << He 5 10.16 
S925 020... :...< Ca Il | 5 Wey 
Helium.—Undoubtedly the most interesting result is the appear- 


ance of the helium line at \ 10830 in emission over an eruption of 
intensity 3 that occurred near the center of the disk, on December 
7, 1938. This is the only line showing in emission on the disk, with 
no absorption. This line is also conspicuous in a photograph of a 
bright eruptive prominence on the limb, but this was to have been 
expected. The helium lines at \\ 6678, 5876, and 4471 appeared in 
a bright eruption that was caught on the limb, but there is no trace 
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of them on the disk. The Fraunhofer D3 line, \ 5876, frequently 
shows as a faint absorption line over spot-groups, but it could not be 
discerned on any of the photographs taken in this work. There was 
no indication of 4686 of He 11, although a careful search was made 
for it. 

Hydrogen. The bright emission is a notable feature in the Balmer 
series. No continuous emission was seen at the limit of the series, 
but the multiplicity of lines in this part of the solar spectrum might 
sasily have obscured it. If present at all, it must be very weak. 

No trace of emission could be seen in the Paschen lines at \ 10938 
and X 10049 in an eruption on the disk, although on the same plate 
\ 10830 of He was easily seen, and //6 in the third order showed 
emission brighter than the continuous spectrum. Plate stains from 
the ammoniating bath make it impossible to say that there is no 
emission at all in these lines; but it can be definitely stated that if 
present it must be very weak, even in an eruption of intensity 3. 

Ionized calcium.—-The infrared triplet and H and K show in 
emission on the disk, even in small eruptions. Emission was also 
detected with certainty in \ 3737, but its companion at \ 3706 could 
not be found. 

The continuous spectrum... None of the photographs shows any 
emission throughout the continuous spectrum over the eruptive 
flocculi. A bright streak appears in the visual region (no exposures 
were made in the ultraviolet), on photographs of the eruption of 
December 7, 1938, but mol at the position of the line emission. 

The investigation gives no evidence that black-body radiation, 
of either quality or quantity sufficient to account for the observed 
terrestrial effects, is associated with the bright chromospheric erup- 
tions. 


DISCUSSION 


It is not intended to attempt here a detailed discussion of the 
questions which are raised by the occurrence of changes of ioniza- 
tion in the earth’s atmosphere simultaneously with the appearance 
of bright eruptions. It should be emphasized, however, that the 
presence of helium lines in the spectra of bright eruptions is not 
without significance for the problem of the atmospheric ionization. 
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So long as only hydrogen lines had been observed in the spectra 
of bright eruptions, Lya was the only radiation in the far ultraviolet 
whose presence was indicated by observational evidence. It is in- 
deed to be expected that virtually every transition leading to the 
emission of Ha is immediately followed by a transition leading to 
the emission of Lya, since the lower level of 7a is the upper level 
of Lya, which has a high transition probability. While Lya is not 
capable of directly ionizing oxygen and nitrogen, processes are 
known by which absorption of Lya may affect the ionization in the 
atmosphere. Thus, as has been discussed by Martyn, Munro, 
Higgs, and Williams,’ absorption of Lya in the earth’s atmosphere 
may explain to a great extent, if not completely, the changes of 
atmospheric ionization which lead to the radio fade-outs. 

But, just as the emission of //a is followed by the emission of Lya, 
the emission of helium \ 6678 (2'P — 3'D) will be succeeded by that 
of X 584 (1'S — 2'P). The latter line is capable of ionizing directly 
all constituents of the earth’s atmosphere with the exception of 
helium. Radiation of this wave length is absorbed strongly in the 
atmosphere. It is therefore not to be expected that absorption of 
d 584 plays a role in the changes of ionization in the D region, which 
are mainly responsible for the fade-outs. The effects produced by 
584 may be of importance, however, for those variations of the 
ionization in higher regions which accompany the fade-outs. 

The question whether’) 6678, and by inference 584, is a regular 
feature of the spectrum of bright eruptions deserves some discussion. 
The line was observed only at the limb and could not be seen on the 
disk. The presence of \ 10830 (25S — 25P) on the disk gives no 
indication of the intensity of \ 6678, since the relative intensities of 
the singlet and triplet lines of He are subject to pronounced varia- 
tions depending on the conditions of excitation. However, in view 
of the fact that the lines \ 5876 (25P — 33D) and A 4472 (2°P — 43D) 
were also not to be seen on the disk, it seems reasonable to assume 
that the intensity of these lines and of \ 6678 is merely insufficient 
to allow their perception on the background of the continuous spec- 
trum of the disk. The line \ 10830, one of the very strongest 


16 Thid. 
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in the spectrum of //e, may show easily at the same time with con- 
siderable intensity. This conception is supported by the fact that the 
hydrogen lines of the Paschen series, \ 10938 and X\ 10049, are also 
visible at the limb, but not on the disk. The upper levels of these 
lines are at the same time the upper levels of 76 and He, respective- 
ly; the intensity ratios 10938/H6 and 10049/He should therefore 
not be subjected to pronounced variations. Further observations 
are desirable, however, before definite conclusions can be drawn on 
the intensity of helium lines in the spectra of bright eruptions. 
CARNEGIE INSTITUTION OF WASHINGTON 
Mount WILSON OBSERVATORY 
December 1938 








ROTATION EFFECTS, INTERSTELLAR ABSORPTION 
AND CERTAIN DYNAMICAL CONSTANTS OF 
THE GALAXY DETERMINED FROM 
CEPHEID VARIABLES* 


ALFRED H. JOY 


ABSTRACT 

Data.—The radial velocities of 156 variable stars of the 6 Cephei type are available 
for a determination of the rotation of the galaxy, the coefficient of interstellar absorp- 
tion, and certain galactic constants. 

Distribution—The 6 Cepheids are situated close to the plane of the galaxy and, as 
seen from the earth, they are well distributed in longitude. The known stars of this 
type are considerably clustered about the sun. 

Interstellar absor ption—The distances used are determined from apparent magni 
tudes and absolute magnitudes derived from the period-luminosity curve. In order that 
the rotation effect may show a linear relationship with distance, it is found necessary 
to correct the distances by postulating the presence of interstellar absorption. The 
coefficient of absorption is estimated to be 0.85 mag/kpe and the absorbing material is 
assumed to be uniformly distributed about the galactic plane in a layer having a total 
thickness of 0.4 kpc. 

Rotational effects and galactic constants.—Fcr a study of galactic rotation the stars 
are divided into four distance groups. Solutions by Oort’s method give for Jo, the longi- 
tude of the direction to the center of rotation, 325°3 + 1°3, and for A, the rotation 
effect at one kiloparsec, 20.9 + 0.8 km/sec. The distance to the center is estimated to 
be 10 kpc. By the use of Bottlinger’s formula the circular orbital velocity of the sun 
is found to be 296 km/sec and the period 207,000,000 years. 

Residual radial velocities —After taking out the effect of a solar motion of 20 km/sec 
and circular rotational effects, the average residual radial velocity is 10.8 km/sec. 


In Mount Wilson Contribution No. 578 the data concerning the 
period, magnitude, and’ radial velocity of 155 stars of the 6 Cephei 
type are compiled. The periods range from 1.5 to 45.2 days. One 
star, V 383 Cygni, the normal velocity of which is — 20.0 km/sec, 
has since been added to the list. On account of their great distance, 
small peculiar motion, and concentration toward the plane of the 
galaxy, the effect of galactic rotation should be especially well shown 
by these stars. 

I. THE DATA 

In Table 1 the observational data necessary for the study of 
galactic rotation are listed. The third and fourth columns give the 
galactic co-ordinates as read from Ohlsson’s tables,’ which are based 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 607. 


™t Lund Obs. Ann., No. 3, 1932. 
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TABLE 1 


DATA PERTAINING TO GALACTIC ROTATION OF CEPHEID VARIABLES 











Photo- Cor- 
: log Median metric | rected | Normal bes 
sia Period ' . mpg Mos | pis | Dise- Velocity) * 

tance tance 
kpe | kpe | km/sec} km/sec 
V336 Aql.....] 0.86 129g |— 3°96 | 10.8 |—1.6 | 3.02 | 1.61 |+11.5 |+ 28.7 
SA AGU 3 xf) BoP 3.3 |— 3.8] 10.4 2.3 | 3.47 | 1.75 |+ 9.5 |+ 26.8 
TT Aql 1.14 3.7 |— 4.6 8.3 2.5 | 1.20-| 6.86 0.0 |+ 17.2 
FN Aql 0.08 6.3 |— 4.4] 10.4 1.8 | 2.75 | 1.52 |+ 8.0 |+ 25.6 
BH Oph 1.04 7.5 |-FIE.O | 13.0 2.0 |10.00 | 9.55*I-+33.0 |+ 52.2 
n Aql.....| 0.86 8.8 |—14.5 50 1.6 | 0.21 | 0.19 |—15.1 |+ 0.9 
BB Her....} 0.88 Ir.0 |+ 5.4 | 10.1 1.7 | 2.29 |] 1.35 |+91.0 |+109.9 
FM Aql.....| 0.79 12.0 ]— 0.5 9.6 1.5 | 1.66 | 1.08 |—12.0 |+ 6.4 
BE Her: ... -(:0:62 12.6 |+18.2 | 10.6 1.3 | 2.40 | 2.22*|+14.5 I+ 34.3 
AP Her...) 2.02 14.7 |+ 6.1 | 10.6 1.9 | 3.16 | 1.65 |—29.5 |— 10.4 
FF Aql.....} 0.65 16.8 |+ 5.1 6.0 1.3 | 0.29 | 0.26 |—14.4 |+ 4.7 
KL Aq! 0.78 22.9 |— 8.8] 10.0 1.5 | 2.00 | 1.23 |— 2.5 |-- 15.0 
S Sge O5G2: |) (25.0) |-= F355) 065 1.7 | 0.40 | 0.35 |—10.3 |+ 7.4 
U Vul.....| 0.90 23.8 |— 1.5 8.2 1.7 | 0.95 | 0.72 |—11.7 |+ 7.0 
CN Eyt...iss) On37 25.5 |+13.5 | 11.3 | 0.9 | 2.75 | 2.41*|+22.0 |+ 41.8 
x Vul..:...1'0.80 2t.6 2.4 Q.2 I.5 | 1.38 | 0.95 |—13 + 5.2 
SV Val... . £.66 31.7 |— 0.8 8.8 3.4 1 2.75 | 3.52 |[— 2.5 -e FS.0 
Su Cye...... 1-60.86 32.4 |+ 1.5 7 ee I.2 | 0.50 | 0.42 |—35.8 |— 17.2 
GH Cyg. 0.89 34.2 |— 1.1 | 10.8 1.7 | 3.16 | 1.65 |—16.5 |+ 1.6 
MW Cyg 0.78 38.7 |— 1.6] 10.5 1.5 | 2.51 | 1.42 |—13.0 |+ 4.9 
CD Cye... 1.23 38.8 I+ 0.5 9.8 2.3 | 2.63 | 1.47 |—11.0 |+ 7.0 
<T Vul 0.65 40.0 |—II.1 6.4 1.3 | 0.35 | 0.31 |— 1.4 |+ 14.8 
V383 Cyg.. 0.66 41.7 |— 3.6 | 12.8 1.3 | 6.61 | 2.49 |—20.0 |— 2.8 
GL Cyg 6% 2.9 |+ 3.4 | 14.6 1.1 {13.80 | 4.54*|/—58.5 |— 40.6 
V343 Cyg 1.08 2.9 I+ 3.3 | 14.8 2.0 |22.91 |12.70*|—93.0 |— 75.2 
DT Cyg 0.40 44.5 |—11.6 5.9 0.9 | 0.23 | 0.21 |— 0.5 |+ 15.2 
X Cyg.. £21 44.7 |— 5.1 ie 2.3 | 0.87 | 0.67 I+ 9.3 I+ 25.9 
VX Cyg. 1.30 50.0 |— 4.2 | 10.4 2.5 | 3.80 | 1.84 |—18.5 |— 2.4 
VY Cyg ©.90 50.7 I— §.3 | 10.7 1.7 | 3.02 | 1.61 |—10.5 |+ 5.3 
MZ Cyg. £33 51.3 |— 9.5 | 12.8 2.5 j11.48 |10.75*|—52.0 |— 37.0 
SZ Cyg.. 1.18 52.1 |+ 3.3 | 10.3 2.2] 3.16 | 1.65 |—17.0|— 0.4 
Tx Cyzg. L.E7 52.1 |— 2.9 | 11.4 2.2| 5.25 | 2.21 |—19.0|— 3.0 
BZ Cyg. 1.01 52.5 |+ 0.8 | 11.6 I.9 | 5.01 | 2.15 |—-17.0 |— 0.8 
V386 Cyg. 0.72 53.4 [= 8.6.) JO. 1.4 | 2.40 | 1.39 |—16.5 |— 1.2 
VZ Cyg.. 0.69 59.4|— 9.0] 9.5 I.4]1.51 | t.01 |—16.5 |— 2.8 
BG Lac... 0.73 60.9 |— 9.7 G:2 1.4] 1.32 | 0.92 |—-19.5 |— 6.3 
Y Lac.. 0.64 66.5 |— 4.3 8.6 1.3 | 0.95 | 0.72 |—18.0 |— 5.1 
AK Cep....| 0.86 72.7 |\+ 0.2 | 12.1 1.6 | 5.50 | 2.26 |—52.5 |— 40.5 
x6 Cep....| 0.73 72.9 |+ 0.4 4.2 1.4 | 0.13 | 0.12 |[—15.6 |— 3.6 
RR Lac.....| 0.83 73.4 |/— 2.1 9.3 |—-1.5 | 1.45 | 0.98 |—35.0 |— 23.6 
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TABLE 1—Continued 








Photo- | Cor- 
, log Median metric | rected | Normal 
oe Period ' ' mpg Mpg Dis- Dis- | Velocity : 

tance tance 
kpe | kpe | km/sec} km/sec 
Pac... sito 73°5 |— 127] 9.1 |—2.0 | 1.66 | 1.08 |—25.0 |— 13.6 
W ac... 0.70 74.2 |— 2.7 0.3 1.4 | 1.38 | 0.95 |—20.0 |— 8.9 
X Lac. 0.74 74.4 |— 2.6| 9.1 1.4] 1.26] 0.88 |—26.5 |— 15.4 
SW Cas. 0.74 77.4 |/—- 1.6] 9.9 1.4 | 1.82 | 1.16 |—38.0 |— 27.5 
RS Cas 0.80 | 82.1 |+ 0.9 | 11.6 us | 4.07 | 1205 |—25..0: |—: ¥5-5 
RY Cas... 1.08 $2.2 [= 3.9 1 aro 2.0 | 3.98 | 1.89 |—70.0 |— 61.3 
46.1932 Cas 0.99 84.5 I+ 0.7 | I1.0 1.9 | 3.80 | 1.84 |—71.0 |— 62.1 
CG Cas.. 0.64 846° |= 15 | 226 1.3 | 6.03 | 2.38 |—87.0 |— 78.7 
SY Cas 0.61 86.0 |— 3.9 9.7 1.2] t.gr | OT [43.0 [— 35.1 
io Cas: . 0.33 86.9 |—I1.2 8.3 0.8 | 0.66 | 0.53 |—22.0 |— 15.5 
AY Gas... ;| 0784 88.6 |-+ 0.4 | 12.5 1.6 | 6.61 | 2.49 |—44.5 |— 37.0 
moe (as... 0.05 90.5 |— 2.4 | 10.5 1.3 | 2.29 | 1.35 |—42.0 |— 35.4 
VW Cas 0.78 92.4 |— 0.7 | I1.1 1.5 | 3.38 | 1.70 |—58.5 |— 52.2 
BP Cas. 0.18 | 93.0 |+ 3.1 |] 11.6] 0.6] 2.75 | 1.48 |—41.0 |— 34.4 
UZ Cas... 0.63 93.2 |— 1.2] 11.9 1.3 | 4.37 | 2.00 |—51.0 |— 44.9 
RW Cas... [e217 96.8 |— 4.1 | 10.1 2.2 | 2.88 | 1.56 |—63.0 |— 58.4 
BY (as...) 0251 97.3 |— 0.2 | 12.0 1.1 | 4.17 | 1.95 |—44.0 |— 39.1 
VV Cas. 0.79 | 98.1 |— 1.6] 11.0 1.5 | 3.16 | 1.65 |—50.5 |— 46.2 
VX Per... 1.04 | 100.7 |— 2.4 | 10.0 2.0 | 2.51 | 1.43 |—33.0 |— 29.5 
SU Cas. ©.29 | IOI.o |-+ 9.1 6.8 0.8 | 0.33 | 0.29 |— 7.0 |— 2.2 
UX Per... ..|:0166 | 101.3 225) | 22.6 1.3 | 6.03 | 2.38 |—41.5 |— 38.3 
ee (as: ....1 2.53 | to2.5 |— "0.6 | 10:8 2.1 | 3.80 | 1.84 |—42.5 |— 39.3 
VY Per 0.74 | 102.8 |— 1.0 | 12.3 1.4] 5.50 | 2.26 |—39.5 |— 36.4 
UY Per.....| 0.73 | 103.6 |— 0.7 | 12.4 1.4] 5.75 | 2.32 |1—59.0 |— 56.1 
RW Cam bad | 192s" | 46] | O84 2.3) 2.10 | B63t [— 25.5 |— 2551 
RX Cam ©.90 | 113.5 |+ 5.6 8.7 1.7 | 1.20 | 0.86 |—35.0 |— 34.7 
AS Per. 0:90 | 12578: |->0..2 | 106 LA | 2500) Doge | 25.5 |— 2556 
SX Per. 0.63 | 126.9 |— 5.2 | 12-2 .3 1 5.08 | 2.35 [+ 5.8 ler 0.3 
SV Per.. 1.05 | 130.3 |— 0.3 9.3 2.0 | 1.82 | 1.16 |— 9.5 |— 15.3 
SYyowur....|) LOY | 132-4 saa 9.5 1.9 | I.91 | 1.20 |— 2.0]/— 8.0 
AN Aur....| 1.01 | 132.6 [+ 0.2 | 11.8 I.9 | 5.50] 2.26 |— 9.5 |— 16.0 
RX Aur.. E07 | §33V5 0.0 O53 2.0 | 1.15 | 0.83 |—21.0 |— 27.8 
Y Aur... .]| 0.59 | 134.4 |+ 5.6 oF r.2| 1.51 | r.01 [+ 8.5 |-+ 2.2 
AW Per... 0.81 | 134.4 |— 4. 8.8 1.5 | 1.15 | 0.83 |+13.5 |+ 5.9 
YZ Aur... .| 1.26 | 135.0 |-F 2.2 | 10.8 2.4 |-4.37 | 2:00 1—20.5 |— 27.5 
AOrAur ....1-0283-1] 146.30 \- 34 [aE g 1.6 | 4.57 | 2.05 |—14.5 |— 24.3 
SZ Tau....] 0.50 | 147.4 |—17.3 yf. I.I | 0.42 | 0.36 |— 3.2 15.0 
AS Aur...) 008 150.0 |+ 5.1 | 11.8 1.1 | 3.80 | 1.84 |+10.5 |— 0.5 
RT Aur... .| 0.57 | 150.8 |+10.3 6.0 r.2 | 0.26 } 0.25 |--21.4 |-F T1.2 
AA Gem...| 1.05 | 152.4 |+ 4.1 | 10.6 |—2.0 | 3.31 | 1.70 |+ 9.5 |— 2.0 
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TABLE 1—Continued 














Photo- | Cor- 
; log Median metric | rected | Normal ea 
ase Period . . mpg Mpeg Dis- Dis- | Velocity ' 

tance | tance 
kpc | kpe | km/sec} km/sec 
RZ Gem. ..| 0.74 | 15524 |+ 124 | 10.6 |—1.4 | 2.51 | 1.43 Jt 6.5 |— 6.3 
SW Tau....| 0.20 | 158.0 |—28.4 9.5 0 6} 1.05 | 0.97*/+17.0 J+ 1.8 
ST Tau....| 0.61 | 160.8 |— 6.6 $.7 1.2 | 0.95 | 0.72 [+ 1.0 |— 13.8 
AD Gem...| 0.58 | 160.9 |+ 9.1 9.9 1.2 | 1.66 | 1.08 |+36.0 |+ 23.1 
¢ Gem...| 1.01 | 163.4 |+13.4 4.5 1.9 | 0.19 | 0.18 |-fF 6.8 [— 5.0 
CR Ort. :.«.}-6.60: || 163.6 [— 2.4) 12.6 1.4 | 6.92 | 2.55 |+-40-5 |-+ 25.6 
RS Ori.....| 0.88 | 164.3 |-- 1.8 Q.2 1.7} 2.58 | BOE [42.06 [27-3 
<W Gem...| 0.90 | 165.1 [+ 4.8 | 7.4 1.7 | 0.66 | 0.53 |— 0.7 |— 14.9 
CS Ori.....] 0.59 | 165-7 i— 3.0 | 11-5 1.2 | 3.47 | 1.75 | 415.5 |+ 0.2 
WW Mon.. 0.67 | 170.4 |+ 1.8 | 13.6 1.3 | 9.55 | 2-98 |-F56.5 I-- 40-7 
T Mon: ....| 1543-1 372.3-(— 2-2 7 2.7 | 1.00 | 0.75 |-+32.0 |+ 15.8 
SV Mon.....2] 2.48) 27334-1222 9.4 2.2 | 2.09 | 1.27 |+26.5 |-+ 10.2 
TZ, Mon. ...| 0.87 | 182.7 |e 2:7 | rE20 7 | 4057 | 2:05 [34:0 [-P 16:7 
SZ Mon....| 1.21 | 181.8 | 0.8 | 12.1 2.3 | 7.59 | 2.67 |-4-35.0 I+ 17.5 
TX Mon.. 0.94 | 181.8 |+ 0.7 | 11.5 1.8 | 4.57 | 2.05 |+51.0 |+ 33.4 
Xe Mon... ..):0%7 183.2 I-- 0.3 | 11.5 1.4 | 3.80 | 1.84 |+64.5 |+ 46.7 
AC Mon....| 0.90 | 189.4 |— 0.5 | 10.8 1.7 | 3.16 | 1.65 |-+-40.5 |-+ 22.2 
RY CMa...| 0.67 | 193.7 |+ 1.6 | 9.0 1.3 | 1.15 | 0.83 |+37-5 |+ 10-1 
TV CMa...| 0.67 | 194.9 |— 1.0} II.9 1.3 | 4.37 | 2:06:1-F30-0 [20-3 
TW CMa...}| 0.85 | 196.8 |-+ 1.4 | 10.6 1.6 | 2.75 | 1.52 |+66.5 |+ 48.0 
176.1932 CMa| 0.6 196.8 |—15.1 9.5 1.2 | 1.38 | 1.11*/+56.5 |+ 36.7 
RW CMa...| 0.76 | 199.7 |— 2.6 | 12.0 1.6 | 5.08 | 2.15 |-F50.0 I- gE-0 
VW Pup....| 0.63 | 203.1 [+ 0.6 | 12.5 1.3] 5.75 | 2-32 |F24.0 | 5-2 
X Pup....| 1.41 | 203.8 |+ 0.4] 9.4 2.7 | 2.63 | 1.47 |+61.5 |+ 42.7 
VX Pup. ....):0.48 |- 206.7 [= o:1 8.6 1.0 | 0.83 | 0.64 |+12.0 |— 6.8 
WW Pup 0.74 | 205.1 |-- 2.1 | 10.9 1.4 | 2.88 | 1.56 |+87.0 |+ 68.5 
SS CMa...| 1.09 | 206.9 |— 3.0 | 11.4 2.0 | 4.79 | 2.10 |+60.0 |+ 41.0 
WX Pup....| 0.95 | 209.2 |— 0.2] 10.7] 1.8 | 3.16 | 1.65 |+49.0 |+ 30.4 
WY Pup. ...| 0.72 |°200.5 |---3-6 |) 18-2 1.4 | 3.16 | 1.65 |+44.0 I+ 25.9 
WZ Pup....| 0.70 | 209.6 |+ 4.4 | 12.1 1.4 | 5.01 | 2.15 |+64.0 |+ 46.0 
AD Pup....| 1.13 | 209.6 I-> 8.1 | 10.5 2.1 | 3.31 | 1.70 |+67.5 |+ 49.0 
V2. Pup.....[:0.46: | 254- f 9-2 | 38.0 2.6 | 6.92 | 2.55 |+49.0 |+ 30.1 
AQ Pup...) t.48) 253.0: 7 10-0 2.9 | 3.80 | 1.84 |+41.0 |+ 22.8 
RS Pup... .| 1.62 | 220.1 |+ 0.7 8.4 3.2 | 2.09 | 1.27 | +19.0 [+ 1.2 
AY Pop:.....|):02825| 222.0) |— oO. 7 8.7 1.6] 1.15 | 0.83 |+24.5 |+ 6.8 
AP Pup....| 0.71 | 223.3 |— 4.9} 8.1 1.4 | 0.79 | 0.62 |+42.5 |+ 24.5 
B Dor.....<| 0:00 | 296.5 1— 32-3 5.0 1.9 | 0.24 | 0.22 5.8 |— 10.5 
1Car....| 1.55 | 250.7 |— 6.8] 4.8] 3.0] 0.36] 0.32/+ 4.1 |— 8.9 
S Mus....] 0.98 | 267.1 I— 7.8 | 6.9 1.8 | 0.55 | 0.46 0.0 |— 8.9 
R TrA....| 0.53 | 284.5 |— 8.4 7.1 |—1.1 | 0.44 | 0.38 |—18.9 |— 22.8 
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TABLE 1—Continued 
Photo- | Cor- 
log Median metric | rected | Normal 
Sta Z Mpg . . r . r? 
‘ani Period ' ' mpg vind Dis- Dis- | Velocity ; 

tance tance 
kpc | kpe | km/sec} km/sec 
W Vir t.2 289°3 |+57°6 | 10.4 |—2.3 | 3.47 | 3.44*|—66.0 |— 60.8 
S TrA 0.80 | 289.6 |— 9.0 6.9 r.5 | 0.48 | O-4d EF 2.0 0.0 
S Nor... ..| 0:00: | 205.3 1— 0.3 yee 1.9 | 0.63 | 0.51 |— 6.5 |— 6.5 
k Pav. 0.96 | 295.4 |—26.3 oe 1.8 | 0.24 | 0.22 |+-36.5 I+ 34.4 
AL Vir. 1.01 | 299.9 |+44.2 9.9 1.9 | 2.29 | 2.25*|+23.0 |-+ 29.7 
RX Lib 1.40 | 316.3 |-+25.6 | 12.6 2.7 |11.48 |11.39*/—58.0 |— 48.1 
RV Sco 0.78 | 318.2 fr 4.4 7.6 Bs§) (-OsG |) 0. 53 i= 8755 t=. Oo 
RY Sco r.31 | 324.2 [— 4.5 8.9 2.5 | 1.901 | 3.20 |—17.5 |— 8.2 
BF Oph 0.61 | 324.9 It 7.2 o.2 E21) 0.90 | 6-00) 131.5 [— 20,6 
Se ARID (CS ee 3 il Ro 0 a ee r.6 |:0.22 1.6.20 |—83.5 }— 2.4 
W Ser 0.88 | 329.2 |l— 5.4 Sa ru? o.2 0.22 |—25.0 |— 14.5 
AP Sgr OL7O 336081: 30 1 ey | 1.4 | 0.66 | 0.53 |—-18.0 |— 5.8 
VY Ser Rens | 337-5 51— 2.5.) 43.0 2.1 10.47 | 3.10 |— 6.0 |+ 7.0 
WZ Ser 1.34 | 339.8 2.8 g.o 2.5 | 2.00] 1.23 |—1I.0 |+ 2.3 
¥ Ser... 0.76 | 340.5 I— 3.7 6.2 1.5 | 0.35 | 0.31 |— 3.2 |+ 10.4 
AY Ser......:..[9Of82 1 34F.0 |= 329%), 120 1.6] 5.25 | 2.21 |—26.5 |— 13.9 
Ser... 1 Ores (sates [—\ 820 7.9 1.6 | 0.79 | 0.62 |— 2.0 |+ 11.2 
Meco sets...) Ovgt | .o4ts4r|— 0-4 8.0 1.4 | 0.76 | 0.60 |-+ 9.5 |+ 22.4 
V377 Sgr 1.21 | 342.2 |— 9.8 | 14.3 2.3 |20.89 |20.20*/— 5.0 |+ 8.0 
BB Sgr. 6252 242. 3-1— 10.5 70 1.6 | 0.69 | 0.55 I-- 7-5 |-F 20-4 
RO Ger  sOOk ages. 7 i 3 9.5 r.5 | 1.58 | 1.05 |+ 2.5 |+ 16.7 
YZ Sgr 0.98 | 345.4 |— 8.6 8.0 1.8 | 0.91 | 0.69 |+18.5 |+ 32.3 
V410 Sgr... r.14 | 345.7 |—12-9 | 13:3 2.1 {12.02 |11.64*/+ 5.0 |+ 18.2 
Ct: . 0.62 | 346.7 |— 3.1 | 10.4 1.3 | 2.19 | 1.31 |+ 7.0 |+ 21.8 
UZ Sct 1.17 | 346.9 P— 3.0 | 12.4 2.2 | 8.32 | 2.79 |+12.0 |+ 26.9 
Y Oph 1.23 | 348.3 |+ 8.7 72 2.3 | 0.83 | 0.64 |— 6.1 |-+ 10.2 
¥ Set oor | 36t. 7 1— 2.4 |) f0:4 1.9 | 2.88 | 1.56 |+ 6.5 |+ 22.5 
SS Sct 0150/1. 352-0: 1— 353 8.4 1.2 | 0.83 | 0.64 |—14.0 |-+ 2.0 
LSet Can seas 2.2: )) 2054 2.1 | 3.16 |] 1.65 |+29.5 |+ 45.9 
LY Sct. 6041 355.7 |= tA) t256 2.0 | 8.32 | 2.79 |-+ 6.5 |-+ 23.1 
RU Sct. . 1.29 | 355.9 |— 1.2 | 10.6 2.4 | 3.98 | 1.89 |—14.0 |+ 2.8 
BW Sct GB 585) -s65 50 [227° |\ae-7 1.2 | 6.03 | 2.38 |+ 1.5 |+ 18.0 
BX Sct 0.81 | 356.6 |— 3.2 | 13.9 ris 12.02 3.90 j—17.5 |[—.  ¥-2 
AA Ser.. r.23°1 358.5 |--° 0.3 | 14.0 2.3 |23.99 | 4.36 J— 5.5 |-+ 11.7 
PZ Aql 0.94 | 358.6 |— 3.8 | 13.0 1.8 | 9.12 | 2.91 |—32.0 |— 15.4 
Ue Aah; \c.[)OvS5.1 350-7 |S +3 7.3 |—1.6 | 0.60 | 0.49 |— 7.0 |/+ 8.2 
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on a = 12540", 6 = + 28° (1900) for the galactic pole. The median 
apparent photographic magnitudes of the fifth column are taken 
from various sources, but mostly from the Harvard publications. 
In cases where photographic magnitudes were not available they 
have been calculated from visual estimates by applying the color 
index appropriate to the period and spectral type. Unfortunately, 
it does not seem possible to reduce the magnitudes to a uniform 
scale and they must be considered as first approximations to the true 
values. Probably the absolute photographic magnitudes of the sixth 
column, which were derived from the period-luminosity relation- 
ship,’ are, in general, more accurate, with only small uncertainty as 
to the zero point. The distances, in kiloparsecs, given in the seventh 
column are derived from the equation 


slogr=M—m-—s5. 

The next column shows the value of the distance, corrected for uni- 
form space-absorption of 0.85 mag/kpc. Asterisks mark the stars 
which lie outside the assumed stratum. In the distances given for 
these stars account is taken of the fact that the absorption is effective 
for only a portion of the path from the star to the earth. The ob- 
served normal radial velocity for each star is given in the ninth 
column, and the velocity, corrected for a solar motion of 20 km/sec 
toward the apex, a = 271°, 6 = 28°, in the last column. The as- 
sumption that the normal velocity taken from the velocity-curves is 
that of the center of mass of the star seems justified by the compara- 
tively small value of the A-term resulting from the solutions. 


II. DISTRIBUTION 

The galactic distribution of the Cepheids whose radial velocities 
have been measured is shown in Figure 1. The stars are plotted 
according to galactic longitude and latitude. It will be noted im- 
mediately that there is a high concentration toward the galactic 
equator. One hundred and thirty-six stars (87 per cent) lie within 
10 and 105 (67 per cent) within 5° of the plane of the galaxy. Omit- 
ting six stars whose latitudes are numerically greater than + 20°, 


2 Shapley, Star Clusters, p. 135, 1930. 
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we find the mean latitude to be —1°4. If distances are taken from 
the period-luminosity relationship and allowance is made for a gen- 
eral uniform absorption of 0.85 mag/kpc, all the stars except 
thirteen (176.1932 CMa, GL Cyg, MZ Cyg, V343 Cyg, BL Her, RX 
Lib, CN Lyr, BH Oph, V377 Sgr, V41o Sgr, SW Tau, W Vir, 
AL Vir) are found to be situated within the assumed absorbing 
stratum. 

In longitude the distribution is fairly uniform over the region 
observable from northern observatories, although there is some evi- 
dence of a decrease in the number of stars in the direction of the 
center and in the region 115°-130°, which is nearly opposite. 

In Figure 2 the 6 Cepheids within 3 kpc of the sun are projected 
upon the plane of the galaxy. Stars for which spectroscopic observa- 
tions are available are indicated by dots and others by small circles. 
On account of uncertainty as to their distances, stars which are 
known to be located in regions of heavy obscuration are omitted. 
The distances used have been corrected for the effect of space- 
absorption of 0.85 mag/kpc. This plot gives a good representation 
of the distribution of 214 Cepheids with reference to the sun, which 
is located at the center. Except in a few cases their distances from 
the plane are relatively small. The large Carina group, longitude 
250-270, is remarkable. At longitude go” there is a somewhat simi- 
lar concentration of Cepheids in the Cassiopeia region. Taken to- 
gether, these groups, which are much scattered in distance from 
the sun, suggest an arm of the Milky Way. A band 1 kpc in width 
along this arm, as indicated by the dashed lines of the figure, con- 
tains 58 per cent of the known 6 Cepheids. The trend of the arm 
appears to be more or less convex toward the center. Such a curva- 
ture would hardly be expected in the inner part of a spiral, but might 
be possible as a local distortion in the outer portion of an open type 
of galactic structure. The sun is near the axis of the arm and not in 
a region of low density as found by Oort? in a study of the distribu- 
tion of faint stars in Kapteyn’s Selected Areas. 

Another striking feature of the diagram is the complete absence of 
6 Cepheids at distances greater than 1.3 kpc between longitudes 
301° and 347°. Heavy obscuration doubtless prevents the discovery 


3 B.A.N., 8, 233, 1938. 
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of distant variables at low latitudes in the general direction of the 
center. 

Few radial velocities are available in the quadrant 230°—320°, on 
account of the southern declinations involved. 
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Fic. 2.—Projection on the plane of the galaxy of 214 Cepheids within a distance of 
3 kpc of the sun. Stars with measured radial velocities are represented by dots, others 
by circles. 


Table 2 gives the two-dimensional density of known variables as 
plotted in Figure 2, and the number to be expected in zones con- 
centric about the sun on the basis of uniform distribution in the 
plane of the galaxy. 

The marked clustering of Cepheids about the sun may be at- 
tributed to one or more of three causes: (1) local cluster—there may 
actually be a local concentration of stars in the neighborhood of the 
sun, possibly forming a knot in an arm of the Milky Way; (2) in- 
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sufficient correction for absorption—a further reduction in the dis- 
tances by increasing the absorption coefficient would have its great- 
est effect on the outlying stars and would tend toward more uniform 
distribution (it is doubtful, however, whether the moderate addi- 
tional absorption which other considerations permit would greatly 
improve the distribution in this respect); (3) the number of undis- 
covered variables of this type increases with distance—although dis- 
covery lists of recent years have added surprisingly few 6 Cepheids, 
it seems quite certain that many are yet to be detected among the 
fainter stars. 
TABLE 2 
DISTRIBUTION OF CEPHEIDS 


(Distance corrected for absorption of 0.85 mag/kpc) 











Expected No. 

Zone No. Average Reduced 7” 
Density Uniform 

Distribution 

kpe from sun per kpc? 

NA icc oleae th esa Stays 16 31.3 16 
OSes eS oe Gene me 39 25.9 48 
On BB Biko wie oave aes 32 12.9 80 
ee Sal Sale Me Nec rer es 45 12.8 112 
£09 On. ier ee oie aes 32 7.7 144 
oo cy ae Bee eRe gee: 31 es 176 
DAD a8: wctevevore 13 2.0 208 














III. GALACTIC ROTATION 


Consideration of the distribution of 6 Cepheid variables indicates 
that, except for the lack of observations in the quadrant of the Milky 
Way observable only from the Southern Hemisphere, they are par- 
ticularly well situated for a study of galactic rotation based on radial 
velocities. On the other hand, for a determination of the solar mo- 
tion and the location of its apex, their concentration toward the 
plane of the galaxy, together with the absence of observations of 
southern stars, gives an unbalanced solution of low weight, especially 
for the declination of the apex. For this reason and also because of 
Milne’s‘ conclusions in regard to the use of the “local” solar motion, 
the measured radial velocities have been corrected for a standard 


4M.N., 95, 564, 1935. 
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value of 20 km/sec toward the apex a = 271°, 6 = + 28°, and no 
solar motion terms have been included in the final solutions. 

One of the outstanding advantages of the use of Cepheid variables 
for the study of galactic rotation effects is that, although the stars 
are among the most distant observable for radial velocity, their dis- 
tances can readily be determined by the use of apparent magnitudes 
and the absolute magnitudes based on Shapley’s period-luminosity 
curve. The distances thus derived are known as “photometric” 
distances but, unfortunately, they are subject to considerable un- 
certainty on account of the effect on the apparent magnitudes of 
general and selective absorption in space. As a first approximation, 
for the purposes of this study, the absorbing material is assumed to 
be of a uniform structure and to lie along the plane of the galaxy 
in a stratum the total thickness of which is 0.4 kpc. The solutions 
for rotation afford a method for estimating the effective total ab- 
sorption. 

The general solutions for galactic rotation follow the methods 
of Oort,’ and the papers of Hayford,° Bottlinger,’? Plaskett and 
Pearce,* and Berman? have also been used extensively. The results 
of the preliminary solutions,"® to which reference has been made by 
van Rhijn," have been somewhat altered by the use of additional 
material obtained from later observations. 

Radial velocities for 156 Cepheids are available for the study of 
galactic rotation. The radial velocities of these stars, corrected for 
solar motion, are plotted according to galactic longitude in Figure 3. 
In the solutions it seems advisable, however, to omit 176.1932 CMa, 
for which no period is known, and two stars (W Vir, AL Vir) which 
are peculiar in some respects and whose galactic latitudes (44°, 57°) 
are excessive. Four stars (x Pav, BB Her, VW Pup, AP Her) have 
been omitted on account of large residuals. Fourteen stars (FM 
Aql, PZ Aql, TX Cyg, BZ Cyg, GH Cyg, XX Sgr, VY Sgr, AY 
Sgr, Y Sct, RU Sct, TY Sct, BX Sct, AA Ser, X Vul) are situated 

5 Op. cit., 3, 275, 1927. 

6 Lick Obs. Bull., 16, 53, 1932. 8 Pub. Dom. Ap. Obs., 5, 242, 1936. 

7 Veriff. Berlin Babelsberg, 10, Heft 2, 1933. 9 Lick Obs. Bull., 18, 57, 1937. 

10 Pub. A.S.P., 45, 202, 1933; Pub. A.A.S., 7, 218, 1933. 

™ Pub. Kapteyn Astr. Lab., No. 47, 1936. 
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in regions of heavy obscuration and could not be used because of 
uncertainty in their distances. The location of these stars with refer- 
ence to dark clouds, as well as that of other distant Cepheids in the 
same Milky Way regions between longitudes 320° and 75°, is shown 
in Plates XXI and XXII. 
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tude. Stars omitted from the solutions are underlined. 

The remaining stars, 135 in number, have been separated accord- 
ing to distance into five groups as shown in the accompanying 
tabulation. 





Ry 








Group No Photometric Distance 
Rewnaacck 35 0.13- 0.91 kpc 
7 RE gE a vere ree 33 ©.95- 2.40 
BEL tery ahabes arenes 34 2: 53= 4:57 
YOURS SR AP EE ENE 26 4:37— 9255 
ee Ee ae 7 10,00-22.QI 


The first four groups were used for the solutions for galactic rota- 
tion. The stars of group 5 are too few and too scattered to be con- 
sidered as a complete group. 
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Least-squares solutions were undertaken for each of the four 
groups, with the aid of the known values for the longitude, latitude, 
distance, and velocity. The equation of condition for each star was 
of the form 


rA sin 2(1 — 1,) cor? b = V’, 


where /, 6 are the galactic co-ordinates of the star; 7A is the rota- 
tional term for a given distance 7; J, is the galactic longitude of the 
center of rotation; and V’ is the radial velocity of the star corrected 
for a solar motion of 20 km/sec. The equations were given equal 
weight. 

The resulting values of A, the rotational term for a distance of 
one kpc, of 7A, and of /, are given in Table 3. 


TABLE 3 


GROUP SOLUTIONS WITHOUT ABSORPTION CORRECTION 




















Group No. r A rA ly 
kpc km/sec km/sec 
ene omer 35 0.52 19.9 10.4 331.2 
Bade deyetat Labs tel 33 1.50 14.5 22.7 gee ye 
[IE OSA, Bai Ma ep So 34 3.20 [2.2 38.90 320.5 
ME ee ages oes Bee 26 5.56 6.8 Me A 327.0 











IV. INTERSTELLAR ABSORPTION 


The values found for the rotational constants furnish a means of 
estimating the effect of interstellar absorption upon the photometric 
distances. The results of the solution are consistent for /,, but the 
values found for A do not show the agreement which would be 
expected if the differential rotational effect varies directly with dis- 
tance in the region occupied by these stars. The discrepancy can be 
reasonably explained, in part at least, by assuming that the photo- 
metric distances, which depend upon observations of apparent 
magnitudes, are affected by considerable absorption in space. 

The fact that the distant group 4 shows a rotation effect which is 
actually less than that of the nearer group 3 is surprising and makes 
the determination of an absorption coefficient difficult and uncertain. 
Although the observations of the stars of group 4 are mostly made 
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with lower dispersion than those of the nearer groups, there is no 
reason to doubt their essential accuracy for mean results. Either 
there is a breaking-down of the rotation effect at great distances 
in a way which cannot be accounted for by the inclusion of higher- 
order terms in the equations or the absorption coefficient is greater 
for the stars of group 4. This would mean that these stars, in the 
mean, are situated in regions of greater obscuration than those of 
the nearer groups. Perhaps star counts could be made which would 


give information on this point. 
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Fic. 4.—Rotation effect and distance. The broken line indicates the value of 7A for 
photometric distances; the straight line gives the result when an absorption coefficient 


of 0.85 mag/kpc is introduced. 


Recent observations of interstellar calcium and sodium indicate 
that the gases in space are not uniformly distributed. In the existing 
state of our knowledge it may not be possible to set a definitive value 
for the absorption throughout the galaxy. The result from one group 
of stars may well be quite different from that given by another 
group, depending on their positions and distances. 

Apparently the best that we can hope for at present is to adopt 
for our final solutions a value for the absorption coefficient which, 
on the assumption of constant A, will serve as a first approximation. 

By means of cut-and-try methods it was found that by correcting 
the magnitudes for a total uniform absorption of 0.85 mag/kpc 
(photographic) a fair representation of the observations is obtained. 
The results, determined with and without corrections for absorp- 
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tion, are shown in Figure 4. The dots represent the values of the 
semi-amplitude plotted against the mean distance without correc- 
tion for absorption. The circles give the same after applying the 
correction of 0.85 mag/kpc. The straight line shows the mean 
variation of 7A with distance and corresponds to a value for A of 
20.9 km/sec. 

Another method for estimating the absorption coefficient has 
been suggested by Bottlinger and Schneller.” In all probability the 
average thickness of the stratum containing Cepheid variables is 
the same in different parts of the galaxy. Hence, we should expect 


TABLE 4 
MEAN DISTANCES OF CEPHEIDS FOR DIFFERENT VALUES OF ABSORPTION 
(Unit, 1 kpc) 














No ABSORPTION 0.85 Mac. ABSORPTION 1.50 MAG. ABSORPTION 
( rR¢ UP a ee ae ene ns ae ee ee 

x Z x Z x” z 
Ecasteaissots ols 0.46 0.064 0.38 0.058 0.33 0.052 
Dl eweaiaiesk er 1.39 .093 0.94 .062 °.80 054 
rene aiken 2.92 .140 57 072 I.20 055 
Wir acal a aitre aap ie 5.40 0.170 2:22 ©.009 1.05 0.051 




















that the mean of the z co-ordinates of the stars would be the same 
at all distances from the sun. If, however, photometric distances are 
used and interstellar absorption is present, the mean value of z will 
increase with increasing distance. By varying the amount of ab- 
sorption it is then possible to find the coefficient which gives z a con- 
stant value. The distances of the Cepheids from the plane of the 
galaxy have been computed and the average taken for each of four 
groups selected according to projected distance from the sun (x co- 
ordinate). The results for the stars in the velocity list are shown in 
Table 4. Stars of high galactic latitude and those located in regions 
of excessive obscuration are omitted. The four groups contain 
thirty-two stars each. The results indicate that, if the mean z com- 
ponents are to be equal at all distances from the sun, a correction 
corresponding to a mean total absorption of about 1.50 mag/kpc 


12 Zs. f. Ap., 15 340, 1930. 
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(photographic) must be applied. This value for the absorption cor- 
rection may, perhaps, be considered as an upper limit. The criterion 
should not be applied too strictly because, in the neighborhood of 
the center of the system and perhaps in other regions of local 
clustering, we may expect that the stratum will be thicker. Group 
motions, unless exactly in the plane of the galaxy, tend to increase 
the values of the z components in certain regions. Also, for a given 
distance, stars with high galactic latitudes will be brighter, if ab- 
sorption is limited to layers near the plane, and their variability will 
be more readily detected. This will increase the mean value of 2, 
especially in the distant groups. 
V. SOLUTIONS FOR ROTATION INCLUDING ABSORPTION 


After introducing an absorption coefficient of 0.85 mag/kpc, new 
rotation solutions were made for the identical groups of the first 














TABLE 5 
GROUP SOLUTIONS WITH 0.85 MAG/KPC ABSORPTION 
Group r’ | A TVA Io 
kpe km/sec km/sec 
Bees aero. 0.42 25.1+4.8 10.6 33202+5°4 
Bins 1.06 22 S24 1.6 24.3 423-527-606 
eee bia cane rand bes are 1.606 24.5x1.0 40.6 320. 52.3 
Bs GAT Gia nko, «47 stdin 2.31 iF. Fg 39.4 225,222.60 
Mean iscsi re Piro aa aeta oe SO: OF OBE yes oe enee oe to) ee 














solution with the results given in Table 5. The distances of the stars 
of the outer groups are greatly reduced. For example, when allow- 
ance for absorption is made, the distance of WW Mon, the most re- 
mote star of group 4, is changed from 9.55 to 2.99 kpc. This shows 
conclusively why it is that variables, lying within the stratum of 
absorption, have not been found at greater distances. Under such 
conditions the brightest Cepheid, if located within the absorbing 
medium at a distance of 10 kpc or farther, would at median bright- 
ness appear fainter than the twentieth magnitude. 

The second solution shows little change in the longitude of the 
direction to the center. The value of 325°3 seems to be accurately 
determined, as far as these stars are concerned. The value of A is 
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not so satisfactory. In the preliminary solution of 1933 a value of 
18.5 km/sec was found with the same absorption coefficient, but 
this is now considerably increased by the inclusion of a number of 
additional observations and the omission of several stars used in the 
preliminary discussion. 

The residual term K has not been introduced in the final solutions. 
The lack of observations of southern variables makes its evaluation 
somewhat uncertain. Its mean value found from a single solution, 
including the stars of all groups with distances corrected for absorp- 
tion, is —3.8 km/sec. Because its physical significance is doubtful, 
it was thought better to omit it altogether and throw the whole 
weight of the observations into /, and A. Its inclusion, however, 
makes very little difference in the results. 

The velocities for the four groups are plotted separately in Figure 
5; the curves are those corresponding to the results found from the 
solutions. 


VI. DISTANCE TO THE CENTER OF ROTATION 
The distance to the center was determined by the simple rela- 
tion’: 


2R, cos (l; — 1.) = 2R, cos (, — 1;) =r, 


which is based on the condition that the rotational velocity of any 
star at the same distance from the center as the sun has zero velocity 
relative to the sun. R, is the distance, sun-center; r is the distance, 
sun-star; and /,, /; are the longitudes of the two points nearest /,, 
the direction of the center, where the velocity-curves drawn through 
the observations cross the zero-axis. Thirteen stars of groups 2 and 
3, located near longitude 55° where the curve is practically a straight 
line, were used for this purpose. Their velocities were reduced to 
a mean distance, and the longitude at zero-velocity was determined 
for each group. The values of R,, the distance to the center, found 
for groups 2 and 3 are 11.7 and 7.3 kpc, respectively, and the 
weighted mean is 10.0 kpc. Unfortunately, there are no stars near 
1,, at longitude 235°, which could be used to increase the weight of 
the determination. 


13 Hayford, op. cit., 16, 73, 1932. 
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Fic. 5.—Rotational curves for groups 1-4. The velocities used in the solutions 
are plotted against galactic longitude. The continuous curve represents the Oort 
solution; the dashed curve includes the higher-order terms according to Bottlinger’s 
formula. 
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VII. THE SUN’S ORBITAL VELOCITY AND THE EFFECT 
OF HIGHER ORDER TERMS 

After allowance is made for absorption in space, all the stars used 
in the solutions are found to be less than 3 kpc distant. The effect 
of harmonic terms of higher order would not be expected to be large 
for stars whose distance is less than one-third that to the center; 
nevertheless, the effect can be detected in the curves for the three 
more distant groups. Instead of solving for constants of the power- 
series whose physical interpretations are in most cases doubtful, it 
seems sufficient to use Bottlinger’s'’ trigonometric expansion of the 
fundamental force equation where the mass is concentrated at the 
center and the force varies inversely with the square of the distance 
from the center. The equation is 


V’ = 2V. & [sin al + (§ sin 31 — § sin) & 


+ (37 sin 4/ — 34 sin 2) . . re 
0 
where V’ is the radial velocity of the star and V, is the rotational 
velocity of the sun in a circular orbit; / is the longitude measured 
from the direction to the center. By substituting 10.0 kpe for Rk, and 
the mean values of r for groups 2, 3, and 4, it is now possible to draw 
velocity-curves for different values of the solar velocity, V., and, 
by trial, to find the solar velocity which makes the sum of the 
squares of the residuals from the curve a minimum. In this way 
values of V, for groups 2, 3, and 4 were found to be 305, 330, and 
245 km/sec, respectively. The weighted mean value is 296 km/sec, 
which corresponds to a period of revolution of 207,000,000 years. 
In Figure 5 the dotted lines show the curves computed by the use 
of Bottlinger’s formula. Because of the nearness of the stars as com- 
pared with the distance to the center, the differences between the 
two curves for each group are small. 
By the use of the more rigorous formula including the second- 
order terms, the sum of the squares of the residuals is reduced by 10 
per cent for group 3 but, in groups 2 and 4, little or no improvement 


™4 Loc. cit. 
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in the fit appears. The distribution of the stars in longitude is not 
altogether satisfactory for this determination. 


VIII. GROUP 5—-THE MOST DISTANT CEPHEIDS 
The stars of group 5, whose distances are so great that they can- 
not be included among the stars of group 4, are V 343 Cyg, GL Cyg, 
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Fic. 6.—The projected positions of the stars of group 5 with respect to the sun and 
the center of rotation. The relative radial velocities are indicated by arrows from 
each star. 


MZ Cyg, BH Oph, RX Lib, V 377 Sgr, and V 410 Sgr. The pro- 
jected position of these stars, with respect to a center at a distance 
of 10 kpc, is shown in Figure 6. Circles about the center are drawn 
at distances of 4 kpc. The relative radial velocities are indicated by 
arrows. GL Cyg and V 377 Sgr have nearly the same distance from 
the center as the sun and would be expected to have low radial 
velocities. That of GL Cyg, —40.6 km/sec, is discordant. For the 
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five remaining stars the motion is in the right direction. The radial 
velocities of RX Lib and V 410 Sgr are smaller than would be ex- 
pected. Both have rather high galactic latitudes which suggest large 
peculiar motions. It may be that these stars are associated with the 
central aggregation of matter which does not partake of planetary 
motion. 

The velocities of the four remaining stars are of the right order, 
but would point to a distance of 12.5 kpc to the center. Inasmuch 
as the stars of group 5 are few in number and would be largely af- 
fected by any uncertainties in the amount of absorption or the thick- 
ness of the stratum, they have not been included in the final results. 
In general, they indicate that the adopted distance to the center is of 
the right order. 

IX. RESIDUAL RADIAL VELOCITIES 

The average residual radial velocity after taking out the effects 
of solar motion of 20 km/sec and the circular rotation about the 
center is, for groups 1-4, 10.1, 7.6, 12.4, and 14.0 km/sec, respec- 
tively, with a mean of 10.8 km/sec. This includes accidental errors 
of observation, the effect of errors in apparent magnitude resulting 
from photometric estimates, and uncertainties in the absorption cor- 
rection, as well as the component of the peculiar motion of the stars 
in the line of sight. There is little evidence for group motion among 
the Cepheids, except, perhaps, for the stars of the Perseus-Cassio- 
peia region, longitude 80°-120°, which, in general, have large nega- 
tive residuals. 
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TEMPERATURE CLASSIFICATION 
OF EUROPIUM LINES* 


ARTHUR S. KING 


ABSTRACT 


The paper gives wave-length measures and temperature classifications for 3950 
europium lines from \ 2100 to A 10165. Of these, slightly less than 2200 belong to neu- 
tral europium. A very large intensity range is found for both neutral and singly ionized 
lines. Many of the former are relatively stronger in the furnace than in the arc. The 
absorption furnace spectrum was used to obtain low-level lines in the ultraviolet to 
d 2659. Lines of Eu 11, selected by comparison of arc and spark spectra, range from low- 
level furnace lines to those much enhanced in the spark. An ultraviolet spark spectrum, 
which is absent from the arc, probably belongs to £u m1. In addition to arc and furnace 
intensities, the degree of widening, due to hyperfine structure, of a large proportion of 
the lines is indicated in Table 2. 

Close agreement of lines in the sunspot spectrum with the ultimate lines of Eu 1 
indicates the presence of neutral europium in the solar atmosphere. Additional identi- 
fications of Eu 1 lines in the sun have been made. 

Approximately three-fourths of the lines ascribed by Eder to a suggested unknown 
substance ‘‘eurosamarium”’ have been identified as belonging to known rare earths, 
nearly half being lines of europium. 

Seventeen bands of EuCl; appearing in the furnace spectrum from A 5695 to \ 7450 
have their limiting wave lengths given and their distinctive features described. 


A previous paper’ by the writer gave a temperature classification 
of the lines of europium, together with those of four other rare 
earths, in the range AA 3900-4700. The main purpose was to de- 
scribe lines in the spectral region which at that time was of most 
astrophysical interest. The present paper covers the spectrum from 
\ 2100 to 10165 for the lines of Eu 1 and Eu u down to a fairly 
low intensity, giving the temperature classification of lines in both 
groups. 

The examination of this spectrum, carried on at intervals during 
several years, was at first rendered especially difficult by lack of an 
adequate supply of europium. The earlier spectrograms were made 
from Urbain preparations, small in amount, and, with the exception 
of one pure specimen used for checking identifications, mixtures of 
europium with gadolinium or samarium. When these impure prep- 


* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 608. 

™ Mt. W. Contr., No. 414; Ap. J., 72, 221, 1930. 
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arations were used up, some spectral regions were still not photo- 
graphed under all the desired conditions; and the data in general 
lacked the fainter lines, especially of Eu 1, which were found later, 
when experiments with europium in liberal quantity could be carried 
out. At this stage, Dr. Herbert N. McCoy, having developed, at his 
private laboratory in Los Angeles, a method of obtaining very pure 
europium,” generously supplied the writer with all the material 
needed to do justice to the spectroscopic study. Much better spec- 
trograms were then obtained, not only for the region previously 
photographed, but also for extensions into the ultraviolet and in- 
frared. 

The number of spectrograms made for europium was much larger 
than for any of the rare earths previously studied, chiefly on account 
of the great range in line intensity. Lines of enormous strength scat- 
tered through the spectrum became overexposed and unfit either for 
estimates of intensity or for wave-length measurement before the 
main body of the spectrum was fully developed. Faint lines desirable 
for the term analysis appeared only on plates so strong as to be 
useless for the other groups. As separate sets of plates were made for 
wave-length measures and for intensity estimates, it was necessary 
to provide for the three groups of lines in each set. Finally, absorp- 
tion spectra, more effective in bringing out furnace lines in the short 
wave-length region, supplemented the furnace emission spectra. 


EXPERIMENTAL METHOD 

The laboratory procedure was, in general, that used in previous 
studies of rare-earth spectra. The carbon-tube furnace was operated 
at temperatures of approximately 2000°, 2300°, and 2600° C. The 
McCoy preparation of europium chloride was used except for regions 
where the chloride bands were strong, when the oxide or oxalate was 
substituted. To avoid scattering of the material when first heated, 
it was placed in a small graphite boat midway in the furnace tube. 
Frequent recharging was needed, the condition of the vapor being 
indicated by the color of the image on the spectrograph slit. 

For the arc and spark spectra, the electrodes were usually “‘spec- 
troscopically pure” graphite, charged with the europium compound. 


2J. Amer. Chem. Soc., 58, 2279, 1930. 
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Commercial carbons quite free from rare earths were available, how- 
ever; and as these gave more steady vaporization, with weaker 
cyanogen bands than the graphite, they were frequently used for the 
arc. The spark discharge was given by a 40,000-volt transformer, 
with large oil-immersed condenser, the electrodes usually being 
graphite wet with liquid chloride. To eliminate the cyanogen bands, 
some very useful arc and spark spectrograms were made with pure 
silver electrodes charged with europium. To obtain a rich arc spec- 
trum giving the fainter lines of Ew 1, a very vigorous vaporization 
was required, not merely a coloring of the arc flame. Otherwise, the 
spectrum consisted chiefly of the low-level lines of the ionized atom. 

First- and second-order spectra of the vertical concave-grating 
spectrograph were used—the second order from \ 2500 to A 5400. 
Covering this region in the first order also helped to co-ordinate the 
line intensities over a long range and to distinguish lines which in the 
second order might be blended with the ghosts of very strong lines. 

Wave-length measurements.—The most extensive list of europium 
wave lengths previously available is that of Eder,’ on the inter- 
national system. While these measures are in general good, consider- 
ing the difficult structure of europium lines and the quality of the 
standards then available, a full measurement of the spectrum has 
been made by the writer, the reductions being carried out by Miss 
Brayton. The many new lines, the improved standards, and the fre- 
quent resolution of close lines, usually blended, fully justified this 
procedure. Direct measures from iron standards were made as far as 
possible. Some spectrograms, not taken with iron standards but 
showing groups of difficult lines of favorable intensity, were meas- 
ured from curopium standards whose wave lengths had been care- 
fully determined. 

In spite of all care in measurement, high accuracy is not to be 
claimed for a large proportion of these wave lengths, since hyperfine 
structure and very frequent dissymmetries present inherent difficul- 
ties. Relatively few europium lines can be classed as sharp. Microm- 
eter settings on a line having hyperfine structure depend on in- 
tensity—whether faint, with some components predominating, or so 
strong as to be of even intensity over its width. Repeat measures of 


3 Sitsungsberichte Wien Akad., Ila, 126, 473, 1917. 
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the same plate gave close agreement, while those on plates of dif- 
ferent general intensity showed small wave-length differences for 
many lines. That this difficulty was also experienced by Eder is 
evident from the differences found by him, up to 0.04 A, in lines 
from two samples of europium, presumably treated alike both as to 
photography and measurement. In consequence, only a small pro- 
portion of the wave lengths measured in the present work are given 
to three decimals. These lines were measured in the second order, 
were narrow in structure, and gave closely concordant values on two 
or more plates. 

A number of lines of very high intensity (2000 and higher) could 
not be measured satisfactorily on europium spectrograms. A set of 
gadolinium plates was available, however, made from material con- 
tributed by Dr. McCoy, on which practically the only impurity lines 
were these strong lines of europium, which, although still not sharp, 
were almost free from photographic widening. Measures for the trip- 
let of ultimate lines—AA 4594, 4627, and 4662—-were obtained from 
these plates and serve to correct wrong values which have appeared 
in former lists. A misprint occurred for one line in Eder’s and for 
another in my previous paper; and my value for \ 4594, measured in 
the furnace, was affected by a blend with a vanadium line from the 
graphite tube. In the present work these lines were measured when 
weak, but clearly defined, on three arc plates, as follows: 


4594.028 4627.224 4661 .879 
.024 .225 .878 
.025 {222 877, 


Two plates on which the lines were still fainter, but distinct, gave 
lower values: 


4594.018 4627.216 4661 .871 
.O15 .214 .868 


The difference of about o.o1 A under these two conditions indicates 
a complex structure; and such differences, or larger, are found for a 
large part of the europium lines. The wave lengths 4594.03, 4627.22, 
and 4661.88 appear to be the best values for these ultimate lines 
when their structure is clearly developed. 

Lines of the important multiplet of Ew 1 from \ 3819 to A 4522 
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have each a sharp satellite about 0.1 A to the violet of the main line, 
which itself is complex. For most of these lines the satellite has been 
resolved in furnace spectra, and sometimes for the arc. When 
unresolved, the effect of the satellite is to move the wave length 
about 0.02 A to the violet of that of the strong component. 

Absorption spectrum.—The emission spectrum of the furnace, aris- 
ing from a thermal radiation, has a limit in the ultraviolet corre- 
sponding to that of the continuous spectrum of a black body at the 
same temperature. For still shorter wave lengths the absorption 
spectrum is useful and, if lines are present, can be extended into the 
ultraviolet as far as a source of white light can be made to give a 
continuous spectrum. 

The absorption lines obtained correspond to the temperature of 
the furnace tube and can be classified accordingly. The method gives 
lines from the ground level at a temperature sufficient to produce a 
small amount of the vapor. 

By means of the continuous spectrum from a 50-ampere Philips 
lamp with quartz bulb, europium lines were obtained in absorption 
as far as X 2659 for tube temperatures which ceased to show an emis- 
sion spectrum several hundred angstroms above this limit. In the 
visible region the absorption spectrum agrees closely with that for 
the same temperature in emission. Absorption spectrograms were 
useful, however, in checking those for emission and were extended to 
A 5500. 

FEATURES OF THE EUROPIUM SPECTRUM 

The most distinctive feature of this spectrum as a whole is the 
great range in line intensity; consistent intensity estimates are thus 
unusually difficult. Groups of lines having extraordinary strength 
occur both in the Eu 1 and the Eu 1 spectra. There was no reliable 
means of co-ordinating their intensities with those of moderately 
strong lines, and the same difficulty arose in connecting the latter 
with the many very faint lines appearing only on strong spectro- 
grams; hence the intensities are, to a large degree, relative for the 
members of each of the three groups. 

The widening oi lines in the arc spectrum, indicated by the 
symbols “‘w,”’ to “w,” after the intensities, appears to be due in 
part to hyperfine structure and in part to high excitation. The first 
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cause should give similar widening for a line in arc and furnace, and 
as a rule this is the case. Instances of widening in the arc, often 
unsymmetrical, while the furnace line is narrow, may be due to the 
more intense arc excitation, though a higher resolution would be 
needed to show what is actually taking place. 

Lines relatively much stronger in the furnace than in the arc occur 
very frequently to the red of \ 4700. These were selected by com- 
paring spectra of the arc and high-temperature furnace, in each of 
which most of the lines were of approximately the same strength. 
Some were then stronger in the arc, while a considerable number 
were distinctly stronger in the furnace. Those of the latter group, 
when estimated to be fully twice as strong in the furnace as in the 
arc, have been designated by ‘“‘A”’ after the class number. On what 
would be considered a normally exposed arc spectrogram, many of 
those were not visible. Falling, for the most part, in classes III A 
and IV A, and therefore not from the lowest levels, they form a 
distinctive group. 

Lack of exact coincidence between arc and furnace lines of euro- 
pium is very frequent. Many such cases are due to blends of Eu 1 
and Eu 1 in the arc and are so noted in the “Class” column of the 
table, the furnace wave length being given, in addition to that of the 
arc blend, when it would add to clearness. Some cases in which no 
disturbance by a spark line occurred are explained as close pairs, one 
line of which is faint in the arc but strong in the furnace; others, as a 
superposition in the arc of a sharp low-temperature line on a wide 
line of high excitation. In other cases the reason for non-coincidence 
is not clear. Near \ 4650 the wave lengths of several lines are so 
different in arc and furnace that the furnace value is given in the 
table and that of the arc-line maximum in the notes. Several note- 
worthy lines occur in the range AA 3539-3577. Their strength in the 
arc depended to an unusual degree on how the arc was burning, and 
they were often very faint on spectrograms of high general intensity. 
When well developed, they showed decided unsymmetrical widen- 
ing. In the furnace they were sharp, both in emission and absorp- 
tion, but often not located at the position of the arc-line maximum. 
The arc wave lengths being highly uncertain, those given are for the 
furnace lines. 
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In the ultraviolet the neutral lines of wave length shorter than the 
limit of the furnace spectrum are necessarily placed in class V, 
though doubtless a fair proportion of them are from the low levels. 
In this region, and to some extent also at higher wave lengths, there 
is frequent masking in the spark by lines of a rich spectrum which is 
quite absent from the arc and probably belongs to Eu m1. For lines 
thus disturbed the class is questioned. 

Beginning at 2659, the regular temperature classification was 
carried out, at first with the aid of the absorption spectrum. From 
2059 to A 3200, and for some of the fainter lines beyond, the 
furnace intensities are for the absorption lines given by the tube 
when heated to approximately 2400° C with white light passing 
through. These estimates are denoted by “(a)” after the intensity 
value. The assignment of such lines to classes I, I], and III was 
based on their relative strength in absorption; and the estimates 
were correlated, as well as possible, with those of greater wave 
length, which were for emission lines. Besides selecting the low-level 
lines of Ew 1 in the short-wave-length region, the absorption furnace 
gave the group of ground-level lines of Eu 114 beginning at d 3688. 
Strong at 2400° C, they were so well defined at 2100° C that they 
should persist at a still lower temperature. This places them in class 
II E and shows that an appreciable amount of ionized vapor is 
present near 2000° C. 

As in most spectra, the proportions of neutral and ionized lines 
change in different spectral regions. From \ 2100 to \ 2800, the arc 
spectrum shows chiefly Ew 1 lines; and the spark, Eu 1. Ew 11 lines 
are greatly in the majority from \ 2800 to \ 3800. Through the 
violet and blue an approach to equal proportions of Eu 1 and Eu 11 
prevails, while in the green and on into the infrared, Eu m1 lines, with 
the exception of one strong multiplet, are faint and scattered. Spark 
spectrograms for the selection of Ew 11 lines were not made beyond 
d 8700; but the lines of still greater wave length, found in the arc and 
sometimes in the furnace, fit in nearly all cases into the analysis of 
Fut being prepared by Russell. An exception is a group of nine 
strong lines near \ 10000, photographed in the arc spectrum. These 
lines have been placed by Russell’ as a multiplet of Eu u. As no 


4 Albertson, Phys. Rev., 45, 499, 1934. 5 Communication by letter. 
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linkage with Eu it lines of shorter wave length was possible, the 
intensities given are only relative for the group. 

In the selection of Eu 1 lines note was made of those strengthened 
to an unusual degree in the spark spectrum, a condition indicated by 
a dagger (7) after the class designation. They are evidently the lines 
of higher excitation in the Ew 1 spectrum. 


IDENTIFICATIONS OF EUROPIUM LINES IN THE SOLAR SPECTRUM 

With the exception of two lines of neutral ytterbium, lines of rare 
earths thus far identified in the solar spectrum have been those of 
the ionized atom. In the Revised Rowland five of the very strong 
violet lines of Eu 11 are identified in the sun, though questioned, 
except in one case. The very high intensities of some Eu 1 lines made 
their solar appearance seem possible, and the lines of both #u 1 and 
u i of intensity 200 and higher were compared with the solar list. 
While many are masked and others are clearly absent, a considerable 
number agree closely with faint unidentified solar lines, usually of 
intensities —2 or —3. Some, however, are Eu 1 lines of class III, 
and not to be expected in the solar spectrum when several very 
strong lines of classes I and II are absent. The question therefore 
rested until the energy-levels of these lines were obtained from 
unpublished data supplied by Russell and Albertson. The use of 
these showed the presence of /u 1 lines, at least in sunspot spectra, 
and identified some additional lines of Ew 11. 

The presence of neutral europium in the sun should be indicated 
by the three ultimate lines near \ 4600, but the evidence from the 
disk spectrum is conflicting. The first, \ 4594.03, is masked in the 
sun by a wide blend, part of which is vanadium. In the position of 
the second, \ 4627.22, Rowland gives an unidentified line \ 4627.210, 
intensity —1N. On strong Mount Wilson solar spectrograms this 
line could be seen, but the structure is too diffuse for close measure- 
ment. For the third line, \ 4661.88, only slightly weaker in the 
laboratory, nothing is to be seen in the sun. 

The sunspot spectrum was next examined, since in general the 
reduced temperature of the spot intensifies low-level neutral lines. 
On the Mount Wilson spot spectrograms, taken with compound 
nicol and quarter-wave plate, lines appeared in close agreement with 
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d 4627.22 and A 4661.88, each with rather wide Zeeman effect. They 
had been measured by Charlotte E. Moore,° without identification, 
on these plates as \ 4627.24 and \ 4661.92?, each of intensity —1. 
The uncertainty in the second value presumably arose from the 
blend of the red Zeeman component with an adjacent iron line. 

Two other Ew 1 lines from the ground level (a°S’), \ 3111.43 (sun, 
425) and \ 6864.54 (sun, .527), each of solar disk intensity —3, 
show laboratory behavior which might permit them to appear in 
the sun. The first is stronger in the absorption furnace than any 
other ultraviolet line in the solar range. The other is the strongest 
Eut line in the long-wave region and is reversed in the emission 
furnace. The remaining lines from the lowest level, weaker than the 
foregoing, are masked or absent in the sun, as are nine strong class II 
lines from the next level a'°D°. Sixteen class III lines between \ 4800 
and \ 5350, of moderate strength, show good agreement with solar 
lines of intensity —2 and —3.7 They are, however, from the higher 
levels; and as several lines of similar character are absent from the 
sun, they cannot be accepted as identifications of the solar lines. 

In the Fut spectrum, term values furnished by Dr. Russell 
allowed the selection, from about thirty lines agreeing closely with 
solar lines, of those whose levels and intensities might permit their 
appearance in the sun. It was found that the stronger lines from the 
a’S° levels (EP 0.00 and 0.23, respectively) are present unless 
masked. Those from the a?D° level (cP 1.3) show in the sun only 
when very strong. The characteristics of these lines are given in 
Table 1. In cases where a violet component has been resolved, the 
solar line agrees best with the strong red component. 

To summarize, we find, with the aid of the spot spectrum, two of 
the ultimate lines of Ew 1 in the sun, a third and stronger one being 
masked. Two others, which seem the next most likely to appear, 
coincide with faint solar lines and may be present. For Eu 1, eight 
low-level lines are definitely present in the sun, and two others 
probably. Several others are masked, and their presence is uncer- 
tain. 


® Atomic Lines in the Sunspot Spectrum, Princeton, 1933. 


7 Pub. A.S.P., §0, 221, 1938. 
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THE IDENTIFICATION OF LINES ASCRIBED TO ‘‘EUROSAMARIUM”’ 

An attempt has been made to identify, from the lists of rare-earth 
lines now available, the lines observed by Eder? in the spectrum of a 
europium preparation containing samarium and not found by him 
in the spectra of purified samples of either element. These lines were 
provisionally ascribed by Eder to the presence in the mixture of an 


TABLE 1 


Eu 11 LINES IN THE SOLAR SPECTRUM 











r Fe Solar Int. Arc Int. EP Remarks 

2688542605 <. 0.000 4 (Ni) 1500 0.00 Masked 

3724.94 + .o11 oNd 4000 0.00 Present 

BG10.07.:. + .020 1Nd 6000 0.00 Present 

200710: ..... + .o16 oNd 3000 0.23 Present 

2020250. 56.0 0s + .O15 fe) 4000 0.23 Present 

3971.98 + .o16 od? 4000 0. 2: Present 

4129.73.. + .002 I 5000 0.00 Present 

BADS2OS: 5. — .021 I 6000 0.00 Present 

BABEUES. fos o's ? ? 3000 0. 23 Absent unless masked 
by 4435.690 Ca, 
int. 4 

4522.59 2 ? 2000 6.23 Masked between two 
iron lines 

6173.05 + .021 —3N 2000 Wee Probably present 

O497 642.5. ; + .086 —2N 4000 rst Probably present as 
blend in sun, as the 
line is strengthened 

f in sunspots 
OGRE EAT, «0... +0.026 —2N 8000 i237 Present 























unknown substance, ‘‘eurosamarium.” One of several possibilities 
suggested by him, however, was that they might belong to known 
rare earths whose spectra had not been sufficiently studied. The list 
of eurosamarium lines is given by Kayser in Handbuch der S pec- 
troscopie, 5, and again in the Kayser and Konen revision, 7, Part 1. 
The stronger lines are found under the symbol ‘‘Euros” in Kayser’s 
Hauptlinien. 

Of the 442 lines in Eder’s eurosamarium list, the three strongest 
agree with moderately strong lines of ionized yttrium, and 204 with 
europium lines given in the present paper; 91 are in my samarium 
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list,’ and 23 in that of neodymium.’ This leaves 121 lines not identi- 
fied, of which only 5 are of intensity higher than 1. The reason for 
these lines appearing under the conditions described by Eder is not 
obvious, but it may be noted that about 60 per cent of the europium 
lines occurring in the eurosamarium list are either weak Eu 0 lines or 
Eu of the type stronger in the furnace than in the arc. In either 
case they are very sensitive to fluctuations in the arc discharge. This 
suggests that some peculiarity in the arc combustion, perhaps due to 
the mixture of the two elements, may have intensified these lines in 
certain spectrograms. In view of the large proportion now identified, 
it does not appear necessary to consider that a modified form of 
either europium or samarium is the origin of the unusual spectrum. 


BAND SPECTRUM OF EUROPIUM CHLORIDE 

Between d 5695 and \ 7450 a series of seventeen bands appeared 
when the chloride was vaporized in the furnace. These appear to be 
new and were obtained of high intensity only in the furnace. Two 
systems seem to be present, one degraded toward shorter, and the 
other toward longer, waves. In individual bands, two or three weak- 
er heads usually show on strong photographs, to the red or violet, 
as the case may be, of the strongest head. The structure is complex 
and for some bands consists partly of wide lines and partly of shaded 
flutings. 

As the limits of each band are usually fairly well defined, these 
have been measured, and also the wave length of the strongest part 
of the structures, with notes as to the band’s appearance. The order 
of the limiting wave lengths indicates whether the band structure 
degrades toward violet or toward red. The last four in the following 
list show red shading. 

5719.9 -5695.0 Moderately strong. First three members fainter than strong 
part beginning \ 5714.4, which is degraded to violet 

5826.3 -5808.0 Faint, degraded to violet 

5917.2 -5876.6 Five faint members to red. Stronger structure begins at 
\ 5906.7 and degrades to violet 


8 Mt. W. Contr., No. 523; Ap. J., 82, 140, 1935. 
9 Mt. W. Contr., No. 470; Ap. J., 78, 9, 1933. 
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6003.5 —5933-9 Faint structure at red end. Strong portion begins at 
A 5997.1 and degrades slowly to an abrupt violet limit 

6087.5?-6046.8 Red limit uncertain on account of following band. Structure 
similar to preceding 

6143.5 —6097.6? Strength increases from red limit to dense structure at A 6115, 
then decreases to uncertain violet limit 

6184.7 -6179.1 \ Similar in structure, each band degrades to a diffuse violet 

6211.5 -6205.5 | __ limit 

6261.4 -6218.0 Begins with three faint flutings at red end, followed by 
three wide lines, then strong head at A 6246.8, degrading 
to violet limit 

6367.0 -6314.0? Strengthens to maximum at A 6326.4. Violet limit uncertain 

6496.8 -6413.0 Two diffuse lines at red end, then strong head begins at 
d 6490.8 

6592.0 -6508.3 Strong head begins at A 6586.0. Strong fluted structure from 
\ 6546.2, degrading to violet 

6704.5 -6618.2 Faint. Probably degraded to violet 

6718.5 -6843.0 Structure of strong pairs at violet end. Flutings shaded to 

red begin at A 6780.5 
Strongest fluting at A 6891.2 
Strong lines at violet end. Strong flutings begin at X 7180.3 


6868.7 —6949. 
75030 —J9A7.: 
7338.6 -7447.; 


wn nun 


Strong flutings begin at A 7347.6. 


EXPLANATION OF TABLE 2 


The wave lengths in the first column are for the arc spectrum, 
unless the structure of-a line permitted more accurate measurement 
in the furnace spectrum. The values are to three decimal places for 
lines whose intensity and sharpness allowed this precision, to one 
place only for lines so faint or diffuse that a glass scale served best 
for their measurement. Two wave lengths are frequently entered for 
an unresolved arc blend. When this is made up of a neutral and an 
enhanced line, the wave length of the former, measured in the 
furnace, is given; and for the Ew line, that of the arc blend, of 
which the enhanced component usually forms the major part. About 
forty other lines are such close blends of Eu1 and Eu 1 that no 
separate measures were possible. These are given a double class in 
each case. In connection with the arc intensities, “R’’ and “r’’ de- 
note distinct and partial self-reversal, respectively, while ‘“‘w”’ with a 
subscript indicates the degree of widening. Of the furnace intensities, 
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only that at high temperature is given, the behavior at lower tem- 
peratures, including initial appearance and rate of strengthening 
with temperature, being considered in assigning the class given in 
the final column. Intensities are questioned when uncertain on ac- 
count of blends, usually with lines in a band structure. Lines of Eu 1 
have “I” after the class number, with a dagger (7) if the strengthen- 
ing in the spark spectrum is exceptional. Neutral lines with “A” 
after the class number are relatively much weaker in the arc than in 
the furnace. An asterisk (*) after the wave length refers to a note at 
the end of the table. 
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TABLE 2 


TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 









































INTENSITY INTENSITY 
% CLASS - CLAss 
Arc Furnace Arc Furnace 

2100.6.... 2 V 220s 169). 2 He 
i 4 V 2318.06 1OW2 VE 
2134'.6;.2:] 2 V 2318.77 3 | V 
2145.0 | I V 2310:8.... <| 2 | V 
2153.0....| 2 V 2220 63)..3 | 2 Rie 
BISA. 4... I V 2323.5. | I | V 
Or67'.0. 0.4 I V 2325 .34...| 6 | V 
21000. 66:1 2 V 2325.65...| 4 Vis? 
2179.8....| 3 V 2307 7... 2W; | V 
2107.0... .| 2 | V 2328.68. ..| 3 | V 
2202.40.. 20 Ripa 2329.58...| 10 hav 
2207.48. ..| 12 | V 2331.5 I | V 
2207.97*..| 8 VE 2332.70...| 8 | VE 
2010.0. ...| I V 232207: | 8 V 
2212.62...| 2 VE 2334.37---| 3 Lv 
$215.94...1 30 V 2335.23... 5 V 
2224.19...| I5W2 | VE 2330.4 I | Vv 
2234.0....] 2 | V 2337-99. -.| 20 b AViGE, <P 
2237.67*..| 40 VE > ieee ly 
2246.0 | 2 | V 2340.64. ..| 20 V 
2247.2 2 | V 2341.3....| I | V 
2247.51...| 5 | V 2341.98... | 2W | V 
2248.9....| 2 | V AAA2 Ors v3) IW, | V 
Ce fe IW; V 2344.6.. | I | V 
2259.42...| 4 | V 2345.00 12 | V 
2202.4 I | V 232457... | I V 
2267.3... 3 | V 2347.05* | 5ow, V 
2280.66 4 LV 2347.98...| 20 | V 
2280.85 6 V 2349.2 | 2W2 | V 
2281.09 4 | V 2350.92...| 8 | V 
2283.6.... 3 | V 225100... 4 | V 
2286.52 6 \ i Je a I V 
2201.0.... I V age3.38...] 2 | V 
2291.82.. 3 V 2354.9 I Pay 
2294.48.. 15 VE 2355.88 2 | V 
2294.05 20 V 2357-2305! 12 | V 
2295.04...| 3 V 2358.32 2 B® a 
2207.04. . 2 V 2300.84 IO | V 
2298.78 2 V 2361.14 30W, | V 
2299.8... I V 2361.9... 2W; | V 
2302.30...| 8 V 2305.50... 4 | V 
2304.0....| I V 2368.7... 2 | V 
2304.3....| 2 V 2369.3... I | V 
2306.48... .| 2 V 2371.06... IOW, V 
2307.2....| 4W; VE? 2271 80:.. 10 V 
2308.59...| 2 V 2372.35... 6 VE 
2309 . 3 | I V | 2372.85... 20W, V 
2311.53 2W2 V 7k as I V 
2353 123... | vg a eee eR. V Ey tee | ee bow; V 
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TABLE 2—Continued 
































INTENSITY | INTENSITY 
N s CLASS » e CLass 
Arc Furnace Arc Furnace 

2377.50... 8 \ 2404.4 IW, V 
2379.42... 3W2 \ 2465.4... I V 
2379.65 50w, Bere oa! 2405. 89* IOW, V 
2381.9 I Ronee: V 2406.8.... IW2 V 
2382.6... I eye V 2468.8 I V 
2384.30 3 VE P73 ies Ya bow, V 
2385. 30 2 V 2472.06... 8 V 
2386.05 40W, \ 2474.58 8 | V 
2389 . 20 8 \ 2476.13... 6 Be 
2390.43 8 VE 2479.2 I V 
2392.77 3 V 2480.74... 8 Se 
2390.5 2 VE 2480.92 15 ne eee 
2390.87 4 V 2482.23... ns Saree Vv 
2397.8 I VE 2483.28 5 | VE 
2398.1 I \ 2483.84... 8 +t ¥ 
2398.g16 10 \ 2484.9... 2 V 
2399. 4098 20 \ 2487.0 I V 
2403.34 5 \ 2488 . 13 4w V 
2403.7 I \ 2488.55 3 V 
2405. 28 8 \ 2488 83 3 VE? 
2405.9 I \ 2490. 49 IO VE 
2407.492. .| 40 \ 2402.02 15 V 
2409 .9 IW, \ 2402.43 4 VE 
2412.97 2 \ 2496.4 I V 
2413. 33 I \ 2496.81 10 VE 
2414.6.... I \ 2497.56 3 V 
2418. 49 15 \ 2409 . 391 50 V 
2421.0 I \ 2504.0 I Vv 
2421.44 30 \ 2500.15 5 V 
2421.57 20W, sePas V 2507.14 a V 
2423.65 IoW, ot 2508.09 4 V 
2424.81 | 10 V 2510.85 20W; V 
2425.08...| 8w, \ 2512.6 I V 
2428.2 IW, \ 2513.76 5 Vv 
2434.43 2 \ 2514.36 3W2 V 
2435.86 | 2 \ 2515.3 2 V 
2437.91 8 \ 2515.78 5 V 
2439.01 6 \ 2516.10 4 V 
2439.4 nh ee \ 2519.39 6 V 
2440. 53 8 \ 2520.64 4W2 V 
2443.3 I \ 2521.2 | Se) \eearerrre V 
2444.38. ..| 3 \ 2522.83 2 V 
2445.31...| 25 \ 2524.1 eel Sees V 
2445.99 5 \ 2524.28 2 V 
2446.5 2w \ 2525.97 15 V 
2450-56)... 15 \ 2520.15 12 V 
2452.08... 40 \ 2527.6... re Apes V 
S454), 4°... 2W2 \ 2527.40 5 a I’) 
2454.944.. 60 \ 2528.4.. BR Peele, V 
2460.50 I2W; Pescuiterl Oe 2530.35 hee OD ae V 
2461.78... 7-\" aa eae ae VE 2542.5 PM ee te V 
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TABLE 2—Continued 























INTENSITY INTENSITY 
nN CLASS » CLAss 
Arc Furnace Arc Furnace 

2621.90... 8 V 2602.6.... 3W3 V 
2535.30.. 8 VE? 2604 .608. . 40 V 
2538.52 4 VE 2605.47... 4 V 
2542.262 40 VE 2000.1. I V 
2540.0... . I V 2608 . 2 2 V 
2546.66... 5 VE? 2609.8. I V 
2547.243..- 15 VE 2610.5 2 V 
2548.01... I V 2612.46 8 V 
2548.63.. 4 VE? 2014.1 I V 
2549.22 5 V 2015.6 I V 
2549.82 4 V 2616.25 6 V 
2550.0 2 V 2018.9.. IW> V 
2552.01 15 VE? 2019.27 IO V 
grcs24: ; I V 2619.6 I V 
2554.50 4 VE 2620.45 6 V 
2554.781 50 VE 2021 .34.. 3 V 
2557-54 25 VE 2624.01 6 V 
2559.18 80 VE 2624.7. I V 
2559-7 I V 2625.04 2 | VE 
2560.61.. 2 V 2625:.70.. «. 2 | V 
2563.48.. fe) VE 2626. 33 8 | V 
2563.6 I V 2626. 7706* 25 | VE 
2564.17.. 125 | VE 2628.3.... I V 
2504.55... 10 | VE 2630.0.... I V 
2564.98... AW. | V 2631.23... 15 VE 
2565.71... 6 VE 2631 .63.. 6 VE? 
2568.17.. 80 VE 2632.5.. a V 
2508.53 20 V,VE 2035.50 60 V 
2568.7 I | V 2630.4 I VE? 
B67057. . IW2 | V 2037.14 3 V 
2592.6... I | V 2037.7. 2 V 
2574.70... 30 VE 2638.77 400 VE 
2570.22... 10 V 2041.27 250 VE 
g597 44... 150 VE 2642.3... 2W2 VE? 
267760... 20 V 2043.84 6 | V 
2580.62.. 3W3 V 2044.7.. 2W, V 
BEST. Bins. I | V 2645 .3-. 2W2 V 
2581.86.. 30 VE 2040.5.. I V 
2582.88... V 2048. 53 1OW2 V 
2585.45... 2 V 2653 .613 40 VE 
2585.70.. 12 VE? 2054.4 I V 
2580.84... 3 V 2054.70 2 V 
2589.07.. 15W2 V 2057.17 IOW2 V 
2580.4.... I V 2057.57 3 V 
2592.61... IO V 2658.41* 20W2 |. VE 
25035 0..6:«:- I V 2059.42... 15 2(a)| Il 
2590.30... 5 V 2062.0.... I aoe 
2597.81... 4 V 2663.28... 3 V 
2507.03... 6 V 2064.56... BOWS. NS a. noe V 
2598.95... ny eee VE 2005)5.:.«: Ho Ghserecia V 
2600.26... toes (asian V 4067.0... «. 7 A | Bese Pies V 
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TABLE 2—Continued 
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2670. 
2670. 
2671. 
2071 
2672 
2673 
2075. 
2678 
2080 
2682. 
2682 
2683. 
2084. 
2085 
26087 
2688 . 
2089 
2689. 
2692 


2692. 


2693 


2095 - 


2095 


26095. 
2007.5... 
2698. ; 
2700. | 


2701 
2701. 


2702.3... 


2704 
2705 


2668.34... 


ae 


60)... 


INTENSITY 





es 
ae 
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ae 
424.. 
a 
40.3 
ae 
i oa 6 
06. =. 
ihrer ess 
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28 


2700.5.. 


2708 
2708 
2709 
2709 
2712 


2713... 


2715 
2716 
2719 
2720 
2723 
2723 
2725. 
2927; 
2729. 
2729 
2730. 


70... 
99.. 
39 
G2... 
O8..<.. 
~ 
61 
eae 
; ee 
78 
33. - 
44... 
93 
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CLASS 


VE 
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IVE 


IVE 
VE 
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OWRD #£ 
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INTENSITY 
CLASS 
Arc Furnace 
20 15(a)} I 
18 1o(a) | II 
2W2 en m3 
40 12(a) | Il 
15 6(a)} Il 
Be Cpe V 
G00" Be es VE 
By ES See V 
80 15(a)} II 
200 Re es VE 
a YA aye V 
40 1o(a) | II 
I V 
100 ievesf ees 
60 15(a)| I 
co ? heer, V 
SSO Ea hees VE 
Qe an eae V 
2W2 V 
Cae Seer V 
BY i ee VE 
7 hme g| oP erear ay VE 
IW2 V 
BW, ee cae VE? 
jo Sah Sparano Vv 
2 2(a)| II 
2 tf VB 
3 3(a)} II 
bee VE 
8 conf We 
10 1o(a) | II 
2 V 
he Cee V 
10 20(a)} I 
SW. lev woes V 
4W, V 
20 ee 
400 2(a)| IVE 
I | V 
YE Vee eere V 
6w2 A¥ 
I V 
I V 
2 V 
}; nn -eree mae Vv 
6 V 
I V 
3W2 Pome ot. 
2 2(a)} II 
5 20(a)} I 
Ee ‘Peecaace V 
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TABLE 2 


Continued 
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2865.7 
2867.18 
2868 . 30 
2868 .87 
2869.05 
2870 
2871 
2873.8 
2874.86 
2876.06 
2877 
2877.89 
2878.25 


2378.07... 


2879.54 

2880.70 
2883 . 39 

2884.9 

2886.46 
2886 .gIo 
2887.85 
2889 .94 
2892.54 
2893 .03 
2893.83 
2897.69 
2899.10 
2902.40 
2904.03 
2904. 22 
2904.96 
2900.0 
2900.4 
2906.68 
2907.84 
2908.99 


2012 34s: 
2014.20... 


2910.89.. 
2917 .439 
2918.03 
2920.47 
2921.14 
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2922.50 
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400(a) 


5(a) | 
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INTENSITY | INTENSITY 
r en a a ee CLASS A a a a ee CLASS 
Are Furnace Arc Furnace 

2031.52 OWs.. Podces oa VE? 2986 .g2 220 NBs VE 
2932.53 12 Ee ‘ns Kt 2989 .3.. I | VE 
2033-11 | Aerts V 2989.95. . 4 «| VET 
2038. 33 2 VE 2990. 26 15 | VE 
2039.50 6 | V Et 2990.68 3 + VF 
2939.70 10 VE 2991 . 33 300 |VE 
2940.45...| 8 | VE 2992 . 37 3 | V 
2940.82 15 siascshe ated, es 2993.87 3W;3 .| VE 
2044.14... ae eee VE? 2095. 221 50 | VE 
2945.40 1OW2 V 29906. 52 2 1|VE 
2040.54 I VE 2997 . 36 2 | VE 
2047.20.. 100 Pet aes 2097.95... IW: -} Vas 
ail a 8(a)} II 2908.14 10 -| VE 

pr aS > 4 VE | 2099.13... I .| VE 
2948.68... 6 VET | 2099.4 Fig” AUP aoe VE 
2049.12... 25 ; VE 3000.3 2W; iV 
2950.82 20 50(a) | I | 3001.1 3W3 med" ah 
2951.16 4 VE ||} 3001. 36...| 20w, a 
2952.68* 6oow; VE ||} 3002.31...| ‘ .|| VET 
2954.82 2 VE | 3003 4.. I Be’: 
2956.07 2 V 3004. 23...| 6 1 Vast 
2950.15 | 6 VE |} 3004.80 | 20 | VE 
2956.6 7 a) | ae eee VE | 3005.55...| I | VE 
2957.9 I VE | 3006. 26.. .| 80 |VE 
2958.3. ? S| ee ie VE |] 3008.57 8w, | Vee 
2958.63 Iow, sie Fkaae cf | 3009.54 12W; | VE 
2958.1 30 40(a) | I || 3010 496.. 4 .| VE 
2958.08. . 8 V Ef | 3012.385 4OW, | VE 
2059.47... 80 VE | 3015.06.. 4wW, IVE 
2960. 21*. 300W; VE | 3015.52 2 1V 
2963.76... 4W2 V Ef I} 3015.869 6 V 
2064. 24 4w, | V Et | 3017.32 I LV 
2965.90...| 2 V Ef } 3017.46.. 20W, BA lS 
2966.52. ..| 10 {VE 1 3017.074 12 | | VE 
2007: 58.....1 5 V Ef | 3018.51 5W, V 
2068.68... || 2W, Vv Bee | 3020.12 5W2 V Ef 
2969.11 2 V Et | 3022.148 60 a 
2969.4 I VE | 3025.00... 4 | V 
2073.30 2 ' V 3025. 503 12 .| VE 
2073-42...] 5 | VE | 3028 04 3W3 | ViEF 
2074.2....| 2 | VE | 3029.574 10 a 
2974.5 | 4W; V || 3029.66. ..| I A t ') 
2075.12. ..| 5 VE | 3029.81...| 3W2 EY 
2976.58*. .| 2 | VE? | 3031.54... | 2 OV 
2978.950* | 20 V Ef it 3039. 33... 10W, VE 
2079.68 4 V |] 3036.11 | 4W, V 
2982.81. ..| Oe eeu VE 3036.84...| 5 V 
2983.26... 3W2 VE | 3038.07.. 2w2 | V 
2084.4... 2W; ...| VE i 3038-8..2:. I VE 
2985.29...| TG; Witten VE 3039.41... 4 V 
2986. 38 | in SC V Et 3030.55 2w; |. VE 

| 
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3039. 
3039 
3040 
3040 
3040 
3042 
3045 
3045 
3040 


3040. § 


3°47 
3°49 
3050 


3051 .. 


3052 
3053 
3054 
3054 
3055 
3055 
3058 


3000.5 


3060 
3060 
3060. 
3002 
3062. 
3063. 


3003. 


3063. 
3004 
3005 


3000. : 


3066 
3007 
3068 
3009 


30069 .: 


3979 
3070. 
3071. 


3071-5 


3072. 
3072 
3073. 
3074. 
3075. 
3075. 
3075 
3076 
3076. 


550 


Obes: 
069. . 











INTENSITY 
CLASS 
Arc Furnace 
6 V 
10 Vor 
12 VE 
12W; Vat 
40W; VE 
4W2 VE 
4Wr VE 
6w; VE 
2W2 VE 
I V 
5 VE 
15W; VE 
15W; VE 
4 VE 
3 V 
Ow; V 
2W; V 
600w; VE 
40? VE 
3W2 VE 
100 100(a) | I 
cae (Seer ‘ 
4 ay. 
4W2 | VF 
2W; ‘BS 
8w, Vin? 
2 he 
3W3 | ¥ 
12W; VE 
2 VG 
4W; VE 
3 VE 
2W2 VET 
40° 4o(a)} I 
a pee VE 
I VE 
50w, iVE 
3W2 V Ef 
2W; VE 
6w, VE 
2W2 V 
WN Nae ede VE 
3 V Eft 
5 V 
6w, | VE 
6 | VE? 
Bs. lines V Et 
ee VE 
Cele | Vg Se VE 
Be iceron VE 
30 VE 








3077 -358.. 
4075 27 s.. 


INTENSITY 














3078 
3078. 
3078 
3979 
3081 
3081 
3082 
3082. 
3083 
3084. 
3085 
3085 
3085 
3085 
3085. 
3087 
3087 
3087 
3088 
3088 
3089 
3089 


30809 . ; 


3089 
3090 
3001. 


3092 .. 


3093 
3004 
3094 
30905 
3095 
3090 


3096 


3°97 
3097 


.30 
57 
86 
058.. 
of 


Co ae 


03 
II 
71 
13 
39... 
Vl ae 
O68... 
WO: 
89 
oo ere 
eS eae 
89 


3097-55 


3°97 
3°97 
3008. 
3008 
3009. 


3100.: 


3101 
3101 
3101 
3102 
3103. 
3105. 





Furnace 


5 20(a) 
3W2 
IOW, 
5W1 
5 
s 
Ow, 
o 


v4 


6(a) 


9 
< 


2W, 
I 
I5W2 
3W2 
4 
4W2 
30W3 
3 
T2W, 
to 
12W; 
5W1 
6 
I 
Ow, 
5W3 
8w, 
4 
8w, 
100W, 
30? 
4wW: 
8w.2 
3° 
2W2 
8w2 
3W3 
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3100 
3107 
3107 
3108 
3109 
3110 
3110 
3110 
3111 
3111 


3112. 


3113 
3114 
3115 


ZirS. 
3117. 


3117 
3117 


3117. 
3117. 
3119. 
Zor. 
522%. 


3122 


3123. 


3123 
3124 
3124 
3125 
3125 


3125. 


3127 
3128 
3128 


3128. 


31290 
3130 
3130 


gear. 


3131 
3132 
3132 
3133 
3134 
3135 


3135. 


31360 
3138 
3138 


3139. 
3139. 








INTENSITY INTENSITY 
CLAss ny CLAss 
Arc Furnace Arc Furnace 

185. 100W; 100(a) | I 3140.356.. ES 6 Beene os VE 
GO... BA Nieto oeaes VET 2T4P.00... B « Fataccewt VE 
86... Bc Mute ties VE 3144.207.. 15 VE 
20.. Ree Mire year VE 2144.50: . 2 NAT Ee 
Gy. 60)  fesui cee 3144.82.. Gwe. Bec V Et 
20... Oo Uae ieee VE 3146.35... 4 VE 
Aas) a UC eee VE 3146.59.. ad Pee V Ef 
OB). epee V Et 3140.699.. 6 vices ceoe ne 
TA. 1OW2 Leet ee 3147-434. . 7 an See VE 
Ya 500R 400(a) | I SIA7. 7A... As: Vass o<. ce 
7 ae a ere VE 3840.40: « BW Posswass VE 
02 ZOWs, fonccees VET 3340. SO: « « Can er paren VE 
O23... SWe fevicw VET 3149.88... 6ow2 VE 
44.. 2 V Et 3150.484.. an Vipera ne VE 
7 ee Pd Qh aee VE? 3150.93... 3 VE 
00 BG We ois, isan VE 25ST O8:.s:- Yn eres V 
aI... Bi a ite genes VE it.” Gee Pe VE 
48.. Wat he cierecrors VE 2565.08... 5 V 
603 tae Serer ere VE 3163.25 2W2 V Et 
90 15W2 V Ef 2962.50... Ce eer VE 
85. |. Fae eee VE 2163.84... 2W; VE 
7 ae 6w2 .| VET 3154.69 8w, VEt 
483.. 8 VE Cae fae SWy bewes sss) ne 
OL: . Gor ders ne VE 3556.60... . ya VE 
14 2W; iV EF 3156.95... 4W; VE 

2 2 |VE S067. 43%... Cae Seren VE 
19 12W; VET 3157.67... Cal ene VE 
77 HOW he ee oer. VET 3158.30... Ais Boecu eis VE 
Il QB bare VE ZESO. SS... 2 Vv 

22 2 VE 3160.33... IO ands 3 oc oe OR 
64.. 3 .| VE 3160.63... Ee Seer VE 
28 BW Be, VE 3162,0F. .. Ce eee ee V 
46 3W, .| VET 3163.36... a ae V 
62: . 2 beg agave Wee ee 2504.77... PA Pec nicks V Et 
go*.. Eas capone oe VE? 3166.14... 3 V 
83.. 3 I th SY 3165.66... 4W3 V 
ae i a ar VET 3166.49... 25Wa |.<-- coef VET 
1 ee 80w, VE 3168. 282.. 30W: 5o(a) | I 
02... BSW Pe ors ces VET 3169.29... 5W; poof eee 
Ob. eae pai VE 3169.62... SW Poe ceocce VE 
Ce ABWa, fe vad gies V 3170.400. . > an es VE 
ry eae ae ravens VE 3170.964.. TOP Pes cna VE 
Ye OW Pee a.e VE S95. AS: 5W2 VE 
605.. 15 VET @Ezt. 56: ow. VE 
20)... 3 VE 3171.942.. 50 VE 
) 2 VE 3172.89... 4W; VE 
964. . 15 VE 3173.607.. 100 VE 
| SWe. fondo ovo Wee ZITA IG... 5 VE 
O80 ne ere |VE 3275.08... 3 4 bce pe 
20... SW fee aes VE 3175.80... we aa VE 
os... a See VE 3176.60... a eee VET 
































398 ARTHUR S. KING 


TABLE 2—Continued 

















INTENSITY INTENSITY 
A CLASS r CLASS 
Arc Furnace Arc Furnace 

LUG he 5 VE BOEA9O,. 2: 2 VE 
3178.40... 4W; V Et 2915.67... 2 VE 
3178. 708. 12Wr VE 3217 4067... 6 VE 
3179.2. 4W; VE 3217:00!....5 2W1 VE 
3182.86*. 8w, VE 3278257)... 6 VE 
3182.08. . I2W; VE 3218.64... 8 V Ef 
SER ANIOR <2 2 VE 4210.05... 4W; VE 
3183.77. . 2 VE? 3210. 224: . 6 V Ef 
3184. 229 8 : VE 3219.86... 4W; VE 
2585 54. s. 7OW;3 20o(a)| II, VE 3221.694.. 30 VS 
3186.44... Cy eee VE 22201035 5 3 VE 
3187.03... 6 2 V Ef 2922) 00)...2 5W2 VE 
3189.45... 3W2 VET 3224.10... 3 Vine 
3190.60. . I5W:r VEt 3224.66... 5 VET 
3191.40... 6 VE? 3220.33... 8w; V Ef 
2103.15... 2W2 V Ef 3226.08: ; 5W1 V Ef 
2103.27... 8 VE Riek 7 ey ae 2W2 | VE 
STOA. XT... 2 V Et 3228.00... 5W2 | VEt 
3104.32.. 4W2 VE 3229.80... 6W2 | VE 
3194.59. - 2 V 3230.30. .. 5W1 VET 
3195 .100. ite) VE 3230.61... 5 5(a) | II 
3105-52: . 4 VE 2927.87... IOW2 VE 
2105.70... 2W2 VE 3222.02... 4W3 : VET 
3196. 560 IO VE 2932 .315;.. 20W2 oes | VET 
2107.61... 2W2 VE 2940 62... 4 | VE 
21G7 201... 3W2 VE 323282... 5 |VE 
3108. 33.. 2W2 VE 3233.01... 2 IVE 
3198.764 20 VE 2922 Al... 2 V 
3198.86... 2W2 VE 2242788. ..2 I VE 
2207. 2°3'. 2 3 V 2994, 12:...:. 2W2 VE 
3203 .04.. 4 VE 2924/20... I5W; VE 
3203.6s.. 4 VE 3234.80... 4 VE 
3204.45. 5W2 VE 3236120... 30 30 I 
3205.50.. 5W2 VE SORE OE: 0. 4W2 VE 
3200.58. . 3 VE? Eh yy I5W, VE 
3206.74.. 4 VE 3238.82... 5W2 VE 
3207.31... 20W; VET 3230.92... 6 VE 
3208.70.. I VE 4240-11... IOW2 VE 
3209.13 i aa (a VE 3240.68... 20W; VE 
3210.16.. 10 VE 3240.89... 4 VE 
2210757. 300 60 II 32AT .405.. 50 40 I 
3210.93.. Whores V 3244. 207 8 PES eM ft 0 
3211.48... 2S Salad eae ees VET RAMA BAW We e..s ouee V Ef 
2211.62... Wat. We cs sca VET 3244.630.. 4 Rib Lan ne 
3211.90 Tae | (oereemre VE 3246.032.. 20W: 25 I 
3212.20... 6 er (Ao; 3246. 393... (oi. | pene. VE 
3212.81 1000R 100 II 3240.47"... 2W; : Vin? 
S013 75" .«, 200 40 II, VE 3246. 95.5. I5W3 V Et 
4352508 «>. War Gem excrete V Et 3247.324.. 30 6G cos VE 
3214.05... 4 retire ae lee 3247.550°. 40W: 50 I 
3214.36... ‘ae ot] eapaeas ¢- VE 3248.30... BG Nes o's 00% V ET 
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INTENSITY INTENSITY 
rN CLAss r CLass 
Arc Furnace Arc Furnace 
3250.00... OS hone ee VE 3288 .519.. NG ya a VE 
3251.44... 7) Se iis ee VET 3200:..30. . . We Fa oo ee 
3254.09... GW bec ee VE 2201. 30... ; 6ws. f......2.1 Ve 
3254.79: -- ye a V Ef 2961 64... a su Sareaha Woe 
3255.28... Ae Areas VE i, 3291 85... yee nro VE 
3255.43. - TT, eee Peer VE | 3292.12. 8w, VI 
3955.74. PMD | See VE 3293 .cOo SE Pe creas Vi 
3258.68... BOW ec cases VET 3204.43... Qu Wibscecacc VE 
3259.38... 2 VE 3296.60 Be. Eecdesa VI 
3259.49... 5 VE 3296.91 me ere Vi 
3200.63... 3 bas ccerc ean 3207.45... Siig Price son VE 
3200.74... Pe aera V ET 3207.59... 3 VE 
3260.87... G2" ‘1B VE 3298.30. . | ae, Cee V Et 
3262.50... 10 15 I 3298.81 to a) Peer VE 
3202.59... Cam Sree aye V Et 3298.88. . Ae, Ibarra VI 
3263.00... Wel Be ase eis VE 3299.14... 16" | Raseeeas VE 
3263.48... OMe Pe idusn VE 3200.27... Ee Pubes \ 
3263.68... al Reet VE 3299.67... 7 a eee ee VE 
3205.69... TOWn. fsces sie VE 3300.38. .. 12 VE 
3266.39". . Do an eae VE 3300.61... 7 pa eo ety VE 
3267.03... 3, ee Oa aes VE 3300.78... FAW. Nees V Et 
3268.58... al ene ge VE 2200-35... Ae eo VE 
3260.39... Ci ae) SRR VE 3301.568. . ESWs Pees os VE 
3269.65... cg RY eee VE 2308.05". . (Uae Nocera VE 
3290.02... eM VR a V 3302.38 fs) Sere VE 
3270.24... SWavs Rees uses Vi 3302.85... FEW. lesic oes V Et 
3271.03... a See Vi 3203507. < 7 aah) Seger one VE 
3272.40... Ba eae s VE 3303 .164.. en Seer VE 
3272.97"... AOD bic eeias VE 3304.19... 4OWs | oa osc. VE 
3274.20. . ZO SB oc oss VE 3304.497. (an Meee VE 
3274.04...» Swi Pesceacs VE 3304.84... ne reer E 
3275.07... 4 rere ha 3300.055 ee oe V Et 
S278 AZ. i: ie) Giese VE 3300.44 Ae: Pedic esau VE 
4Q70), 87.. <. 4 Post ccs ee 3300.95 | eee VE 
3277.78"... GEO ) Bibeln VE 3307 OF... . Ce eee VE 
3278.54... y, an Pee VE 2207.3A... OWs Fes ue aur VET 
3279.440.. Bao) Ciba cre VE 3308.02*.. FE | Peace VE 
3280.19... i en ane VE 3308.95... GWee Pesiciccs V Et 
3281.32... DR eae VE 2310: 38... SW. Pees coe V Ef 
S480.45..... OW nen hens V Ef 3310. 80... IOW2 2 Ill, VE 
3282.23... Cae ee eae VE 2342.96... TOWs, lensed V Ef 
3282.51... GOWs. Wiese eu. V Et 2353.08... 7 i Pen VE 
3284.87... TOW; fess eaa. V Et 4334/43... A006; Peeccx as VE 
3284.40... Ae Ba tleticse VE? 3394.09. ; , nn | ore VE 
3284.70... BWeah “Raced tas: VE 3354.00... AWe. Poeiecxs VE 
3284.92... Ws. fees san VE ARES. OO... Be Re ee VE 
4688. DT... 5W2 dosage Wee 4aTS. 66... 7 a eS VE 
3285.88... C3 a) VE 3310547... SWa feces e oat Vee 
3287.03: .. BOW eie ea ers VE 3316.85... BPs aes VE 
3287.486. . | Sear VE oy be Cae Se ie vase VE 
3288.30... 2), Sa ee V Et 3319. 89*.. > A | nee ae VE 
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3400 


3402.4 


3403 
3405 
3405 
3495 
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25W3 
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INTENSITY 
A an | 7 CLASS 
Arc Furnace 
3410.73. . GOWs Pets cans V Ef 
3410.80 GOW fenvwacn. VE 
3417.42 TOWs Peas hoc V If 
SAILS. OL... TOW, free aces VE 
3419845 25 VE 
2427. 23%... ne are tore V Et 
3421.08... 253 V Et 
3423 .09 bow; V Et 
3424.59... 5W1 V Ef 
3425 .022 80 VE 
3420.442 20 VE 
3427 .045 GS. OReekas VE 
3427-757 T5 VE 
3428.03... 53 V ET 
3428 . 329 5 VE 
3428.76... Bawa bears « VE 
3428.92 12W; V Et 
3429.25*. ERWae Bene z cris V Ef 
3420.33". PAWs: Benen Vit | 
3429.79 5W2 VE 
3430.38 15W2 VET 
3430.89 TW i Vesicine V Et 
3432.520 20 30 T ; 
3434-15. Se eee VE 
3434.70 Os, Wire pares V ET 
3435.05 MOWs. Veaanyse VET 
3435.20 ABWe Vestn VE 
3435-72... a ee V Ef 
3430 .034 5 VE 
3439.59 TOG ar ose VE? 
3440. 25 %  Weaaccs VE 
3440 .820 260; Kibvas VE 
3440 .999 OE RISA ENE VE 
3443.54... Gwe feces V Et 
3443.97... 4 V 
3445.176.. 30 V EK 
3445-73... 4 VE 
3445.83... Ge Wile VE 
3440.37... AOWen (fs cea VET 
3448.16.. WOVE fa acta. V ET 
3448.43... ee ere VE 
3448.53... Awa Rou ee \ 
3451.80... OWs. [see se VE 
2402.00). . . 6w; VE 
$402.25... i) a ae VE? 
3453-474. - BOW Foc eos V ET 
3453.89... 4 3 It 
3454.146.. Eee Beate. te V Et 
3454.76. 4OW; I IV, VET 
3457.050* [so I 
3457 .056 = ee VE 
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| 





Continued 


3457-50 
3459 . 30 
3400 
3401.22 
3461.38 
3493 
3403.28 
3400 
3400 
3407.8 
3408.72 
3409.2 
3470.2 
3470.6 
3472.1 
3472-7 
3472-7 
3473 
3473 
3474.50 
3476 
3479 
3477 -97 
3477-19 


3475.10. . « 


3480 


3480.50... 


3480 
3481 
3482.53 
3455.16 
3485 .43 
3485 
3487 
3487.28 
3488. ; 
3489 . 25 
3499 
3491.11 
3493 -32 
3493 
3495.13 
3497 .95 
3497 .< 
3409.41 
3501 
3502 
3502 


3503.22.. 
3903.79: « 


3593 





INTENSITY 


Arc 


Furnace 
30Ws. bist cs 
IOW; 
15 

1OW; 
Sow, 
18) 

12W, 
4o 
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402 
TABLE 2—Continued 
INTENSITY 
r CLAss nN 
Arc Furnace 
3504.09 Ra Was ete VE 3542.68 
3504.44 7 a (Se eae VE 3543-11 
3505.30 BOWS: | cin vncse V Ef 3543.85 
3505.95 a A Ce V Et 3544.17 
BEO0.AS. Bs Von sin'ssccets VE 3544.77 
3500.508.. OWe Usnue cs VE 3545.14 
3506 .645* P 5 IV 3547-10 
3507.49... 4 - VE 3548.05 
3508. 731 IOW; VE? 3548.40 
3508 .852 20W; VE 3549.6* 
3511.03 bow, VE 3549.71 
3511. 163. 10 V Ef 3551.27 
3511.86... IOW; VET 3552.5106. 
3512. 268. 5 VE 3553.89 
3513. 326. 10 VE 3554-91 
3513-704 4 VE 3555.15 
3514. 205 12 VE 3555-39! 
3514.48.. 15W2 V Et 3555-40) °° 
3518. 482. 25 V Ef 3555-93 
3520.14.. 8w; V Et ty flee he 
3520.40 4w2 VEt 3558.91... 
3520.91 Iow, VET 3559.00. 
3521.09 100 VE 3559.42.. 
3522.37 I5W2 VE Z500:50)..;.- 
3523.17 IOW, VET 3502174). . 
3523-49 30W, VE 3502.72... 
SEQC FS... 6w, V Et 3563.70... 
3520.06... 8 V S605. 22... 
3526.17.. 4 VI 3565.82... 
3526.648. 8 V Eft 3565.88... 
Ee os a 30W; VET 2500.78)... 
3528.60... 6w; V 2560.31... 
3529.34... 6 VE 3570.10... 
$530.30... 8wr V Et 3572'.00::<.. 
3537 181... 60 VE B572.50. «.. 
$53" .79... I5W; V Ef 3572.89... 
3532.23* 25 VE 3573-92... 
53291... 2 V Et 3574.92... 
2533.00: .. 4 VE 2570.20"... 
SE94. 52... Go Ale eed V Et 250.04". . 
B5S4.12. «. 20w, |...... V Et 2677.05"... 
ZERCCSS.. . 2 MBS aoe V Ef 3698.11...) 
3537-56... 6 V Eft 3578.49... 
2537.94... ERWar i feroic sis ak VET 2500.15. 3. 
3538.08... 7 on | Sree VE S570.62. .. 
2530.27... 2 a(a)t VOR. ii 3580.25: <. 
3539.65... 2 3(a) | III 3580.49... 
3539.78... 4 2(a)} III 3523. 22.... 
3541.18... an (rn. V 3583.69... 
SEAL OSA. BOW: tes oe cs VEft 3585.84... 
3542.152.. Be igs VE 3687. TA... 
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TEMPERATURE CLASSIFICATION OF EUROPIUM LINES — 403 
TABLE 2—Continued 
INTENSITY INTENSITY 
ny = CLASS r — CLASS 
Arc Furnace Arc Furnace 
3588 .09. AWge Wie ciara: V Eft 3619.17 Swi i bawkies V Et 
3588.55... Ci Sane Poeierecae V ET 3619.82 6w; a VE 
3589 . 270 60 60 I 3619.96 5W2 5 III 
3590. 140 KS Dee caater V Eft 3620.20 6w2 V ET 
3590.58... CM) Correa V Ef 3620. 33 4Wy VE 
3590.gO ; a) Cree VE 3620.58 Ow, VE 
3591 .312 20; lecareti VE 3620.89 30W2 y VE 
3501 .301 CR Reet VE 3621.49 ow, 6 III 
3591.79 a eee V Ef 3621.890 sow, | V Et 
3592.85 SOW) ete. VE 3622.48* for bea Ill 
3503.52. ee Pe VE 3022.54 50 V Et 
3590.15 EOWs~ ifaeccs se V Et 2093. 39s... Sue. levees VET 
3590.85... SOW Womans V Ef 3623 .430 Bie we beta VE 
3598. 237 (| eee V ET 3623.65 10 VE 
3508.57 Swe. Vases aun VE 3623.72 1OW2 VET 
3600 . 30 OWay Pease aoe VET 2624.13... ON Ped eee VE 
3601 .08 Ses es onto VET 3625.19 6w2 VE 
3601.72 Eh Sees VE 3627.41 25W2 V ET 
3602.17 Ate | ease, oe VE 3627.77 10 ee VE 
3602.49. . oe Pt |e ee V Ef 3627.99 SW; 2 Ill, VE 
3603. 20* BOWS. “Picsice VE 3629.8... 30W, V 
3604.67 ee Neoerath V Ef 3629 .80* 40 VE 
3605 . 33 8w; a VET 3630.50 IS) Weecals:: VE 
3605.57 5W; 12 II 3631.792 tag eee V ET 
3606.17 AW bey. cae V Ef 3631.97 Sh ae VE 
3606. 39. . SWiae bacsceoiee VE 3632.18 SOW beccrcu: VE 
3606.54*.. 2 5 II, Vi 3632.67 4 VE 
36006. 70 80 i VE 3632.86 8w; VE 
3607.28... 8w; I I] 3633.03 2 VE 
3607 .go eR aneeeee VE 3633.20 4 VE 
3608. 70 20W1 VE 3635 .85 20W2 V Et 
3610.50 a eee V Et 3636. 718 10 V Et 
3610.59 NT + RW onesie VE 3636.92 4W; VE 
3011.01. ey sree V Ef 3637.68 50W: VE 
3611.357 Ph SO |e VE 3038.10 6w; V Et 
3611.57 100 I VE 3638. 38 5W2 V Ef 
3617.63". . 10?W2 VE 3639.02 CS ear ts VE 
36011.04.. ly Sead oateatiee VE 3639.27 4W1 V Et 
3612.19. 20W2 V Ef 3640. 25 2 I III 
3612.46... Sere Wisc V ET 3040.56 3 VE 
3612.68... 4 VE 3641.19.. 96W: bana. VE 
3613.77 Oven licca cue V Et 3641 . 27 20W: V 
3614.07. ... 15 a ein V Et 3642.47 5W2 VE 
3614.26... Nae SO eee aeee VE 3643.50 5W2 VE 
3614.80... ge eee VE 3043 .96 SWe. peeec acs V Et 
3616.152.. FOS Pawracas VE 3644.32 Gan tia V ET 
3610.97... eee etic VE 3644.46 12 4 Ill, V Et 
3617.04 GW Peed VE 3644.972 velie ae. os VE 
2057..5. . 2W2 2 Ill 3045.18 ROWS: | Pocacnes VE 
3618.17 25W; 20 I] 3645.43 Ae iteoweces VE 
3618.47 Cs Sky nore V Ef 3646.65. 20We: bee ewca VE 

















3062 
3003 
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TABLE 2—Continued 
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3088 
3089 
3690 
30901 
30901 
3901 
3092 
3092 
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3095 
3005 
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3090 
3997 
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3007 
3909 
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TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 405 
TABLE 2—Continued 
INTENSITY INTENSITY 
nN CLAss r CLASS 
Arc Furnace Arc Furnace 

46.. 1OW; 6 II 3738.08 Sow; ee V Ef 
10 BW Voces ook V Ef 3738.77 I5W, | I IV 
48 8w, VE 3739-47 4 es VE 
282 10 VE 3740.25 200 fo. sees V Ef 
870 So jboud Se VE 3741.31 400 I IVE 
19 3W; VE 3741.62 12 VE 
65... Sie. fea oot, VE 3742.34 PGW. fixes VET 
SES: Se ies on V Eft 3743550. 100 I IVE 
40. St Wotancee VE 3744. 20.. 30W; 20 II 

50 Ged Bice era-o a's V 3744.54 20W2 - VE 
45 ia (eee VE 3740.05 20W; I IV ? 
go4 LOGWe.” Wevieves VE 3740.72 5W2 V Ef 
32 3W2 VE 3747.21 3Wy V Et 
505 ee a a ee VE S7A08 7. C- i IV ? 
66 a ee ee V 3750.05 ra oe er VE 
037 GOWE ian een V Et 3751.08 Iow2 | VE 
o8* ? 4 IT] 290% 42 Ow, V Et 
.69 Sows houses V ET 3752.51 5 VE 
108... 1oow, 40 II 3754. 57 3 V 
$00.4: an eee Ae VE 3752.83 15We VET 
Ce Ch, Co Cee VET 3753.05 Z0W; VET 
00 Ye eee ae 2 V 3753-77 GW tec ones VET 
629 100W, 6 IV 3754.9.. 2 eee ee VE 
81 6 V Ef 3750.80 4W2 |. VET 
19 Bi ¢ Ae eeta san V ET 3757-42 TGs Paces cars VET 
94...]| 4000W2 | 400 ILE 3757-939 30 Se VE 
785.. SW: 4 I] 3758.20 30W, ? V 
ae Se ae V Ef 3758.54 90We [ess es VE 
62... ce Tee oe VET 3700. 33 sow; |.... V Et 
OL 2 allel Weert V Ef 3760.78 10w; | 15 II 

33 Be Pevnehcties V Ef 3701.12 300 eee a> 
21 8w; 6 I] 3762.3 8w, | 4? III ? 
06 i a (re VE 3763.02 SW Pesan oa VET 
BF or: G pPedoann VE 3704.7 CR rion tec VET 
.682.. 2 a Sets VE 3705.93 BSCR Petsson VE 
.740.. BO, Ane VE 3766.09 a Cee V Et 
04 7 | Pee 2 V Ee 3708.49 12W; | V 

22 1 ea | ee VE 3709 . 33 POWan Bora ors a V Et 
84 7 el ee VET 3770.29 8 See VE 
20 50W; 30 II 3770.7 I Paseo V Et 
73 a eee V Ef 3771.147 a unre tee VET 
G5... | Cane ee V Ef 3772.74 Oe esl eas V 

. ee Sie let shelter VE 3774.10 I50W; 20 III 
68:5 a es V Et 3775.47 yal eee VE 
ae POW lets cise V Ef 3775.09 5W2 VEt 
1: ae 8w, 5 I] 3770.22 15W2 IO II 
G4... Be) Ske java V EB? 3776.51 SWE bac acsek V Ef 
.00) ... TO cheat one VE Co iy ye ee 2W; V 
20... 2 VE 3777.613 I5W:r V Et 
Co ee 2 V 3778. 33 IW; V Et 
702... OF Vikotswee VE 3778.65 4Wr ? V? 
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TABLE 2 


CLASS 
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-Continued 


3804.11 
3864.87 
3865.20 
3805.57. 
3800.19 
3909.75 
3872.72 
S07Sa11. 
3875.10 
3575.34 
3875.95 
3870.07 
3877 - 27 
3877.88 
3879.58 
3880. 23 
3881.32 
3581 .g2 
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TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 407 














TABLE 2—Continued 
INTENSITY INTENSITY 
nN F CLASS ny CLASS 
Arc Furnace | Arc Furnace 

3888.92... 2 | TaN] eames os: VE 3917.82.. | Were Pos ae oa VE 
3889.22... BW fice ates VE 3918.18... Ae Pra V Eft 
3889.52... ow: 2 V Ef, IV 3918.520.. 4OW; 20 II 
3991.20... 7) an eee V Ef 3919.09... BS te besos VE 
3891.49... 8w, 4 IV 3920.097.. a “assess VE 
3892.85... BWSR Saxe, ss VE 3022; 87... Se, Wee VE 
4003<12:.. ow; 4 IV 3922.520.. BW Pec cee VE 
3804.09... 2 fin hones Une 39022;:87. 7 AY Corde rebar VE 
4964.92... T2W: 6 IV 3023-17... BO. ° Resear V 
3894.94... 2 il Peder nage te VE 3620.07. ; . | eee V 
4506 2D '« 3 I IV 2027.45’... 1OW; 6 Ill 
3895.49... I 2 IVA 3927.05 4 ree Ayia) 
3895.50... BWA teacher VE 3928.87*.. ROW Pe a een VE 
3890.45... aa ene Bee V 3928.08... | ee VE 
3896.78... 15W2 8 II 3929.81.. I5Wy 12 III 
4807. 29. ow; cee ch Heer 3929.01... Oey lex Sess VE 
3897.70... 30W, 30 II 3930 42" gocorw, | 22 ILE 
3898.18 as J1o II 3930. 50°) 200) 
3898.25) °° - Sear VE 3032.17... EWae fs occ: V Et 
3898.48... 6 2 V E, IV 3934.38... 4 VE 
3898.75... 30W2 30 II 3035.08. . 8 ~ +) Be 
3899.10... I i eaecn sly Weel 3930.643 10 8 Ill 
3899.49... BOW Pian ataan VEt 3037-47... 2W2 VE 
3899 .660. . 6 2 IV 3037.62... IW: VE 
3900.18... TOWay fGen os V ET 3938. 248 ia OTe te VE 
3900.42... a VE 3839.19 SWe ficcs.s..f Weep 
3900.51... 4OW: 40 II | 3030.44... >) al NOR SRE ete VE 
3900 .g16 1OW, 12 II 3939.99... 2W1 ean VE 
3901.63... Ce Cee 3940.37 1OW2 2 IV 
3903 . 233.. 20W, 20 II 3041.49 3 VE 
3903.62... an een VET 3041.56... 20W; VE 
3903 .945. OW Me pnclolars V 3942.04.. 2W; 2 IV 
3904.89... 3W1 2 IV 3042.21... 30W2 1? V E, IV? 
2008.07. .:. YN Saal eee = VE 3042.35... . 15Wr 10 Ii 
3907. 10*. 3000rw2 | 150 ITE 3942.94... a eee V Eft 
3909.90... 5 4 lV 3943.08... AGW beset VE 
2010.16: . . 3 3 IV 3943.97". 6 3° VE, Ill 
3911.60... 5W2 2 VE, IV 3944.50 6wr |...... VE 
3011.07... 4W2 I IV 3945.16 2W2 VE 
3052.42... el | ee ee VE 3945 .67 wo aah VE 
3013.37... ee hs Gate VE 3045.72 FSW3 3 IV 
3013.72 ; Picco es 3940.18 4W2 2 IV 

Lise ae 1OW; é j arty 
3013.70 : 3 I\ 3940.6... BOW Poste VE 
3014.14... I5W2 8 IV 3947 .31 I VE 
3914.82... 1OW; 4 VE, IV 3047.60... 3W3 VE 
3008.94... PGW Perens V Ef 3948.60 Ow; oe op eee 
3915.62... 25Wi 10 II 3948.79 BW. Pas a VE 
3916.00 50 30 II 3949.126.. i a ee VE 
3016.82... 20W2 IO II 3949.60 50w2 30 II 
3917.20*.. bow, 20 V E, II 3949.84... I5W: 2 IV,VE 
3017.70... POW oso rr o-2 VE 3950.76... AW Wecennae TE 



















































































408 ARTHUR S. KING 
TABLE 2—Continued 
INTENSITY INTENSITY 
ny CLAss nN CLAss 
Arc Furnace Arc Furnace 
3951.33. 2W2 VE 3986.08 8w, 4 IV 
3952.25. 4W2 4 IV 3980.60 4OW: 30 II 
3953-43 ow; VE 3986.92 4w, V Ef 
3954.25 8w, 3 IV 3987.10 ow, 2 IV 
3955-75 Sow; 40 I] 3987 . 24 3W3 3 III 
3950.013 2 VI 3987.90 30W, 20 III 
3050.61 2W2 V 3988.24... Sw, V Et 
3957 .050 OW: VE 3988. 504. . 5 V Et 
39057.916 15Wr VE 3991.15 3 I IV 
3959.22 3W; VE 3992. 302 8w; 6 I] 
3900.52 2W2 V 3993 .931 I5W; VI 
3960.74 3W1 V I 3994.68 g V 
3901.12 20W; 15 II 3995.07 4W2 I IV 
3961.94 2 2 IV 3995-74 8w, 3 IV 
3963.61 I5W; 8 I] 3995.98 1OW2 Vi 
3064.49 25W; 20 I] 3990.6.... I VET 
3904.90 gis. os VE 3998.81... Pe | nce ee VE 
3904.95 2 IO Ill 4000. 70 30W: 8 Ill 
3905.02 15W3 VE 4000. 81 20W1 6 II] 
3966 .06 2 Jigs avs AOOT +32)... 2W1 VE 
3966. 46 5 4 IV 4002.01 2W2 V 
3966.59 Sw, V Ef 4002.42 3W; V 
3967.18 25W; 20 II 4002 .go 8w, 4 IV 
3968.88 3W1 V Et A003 72..... I2W: V Ef 
3969. 22 15W2 15 I] 4004.59... Ow, VE 
3969.90 IOW, 6 IT] 4006. 20%. . IOW; 3 IV 
3970. 26 I V Et 4007.69 3W2 VE 
2070.61... 4 ioe VE 4008 .87 ow, VE 
2071.10" 8w; I V Ef, IV 4009.01 2W1 VE 
3971 89° ‘sini, 20 Il I 4009.15 IW: I [V_ 
3971.98 | | 200 4009 . 42 I VE 
3973.07 I VE 4009.55 I V 
3973 -37 3 V Ef 4010.176 3 : VE 
3973.86 5W1 Von 4010.427 40 20 IT] 
3975.20 4W2 2 IV 4010. 815 2W1 V 
3975 . 506 5 VE 4011.69 100 VE 
3075.94 5W2 VET 4012.82 I5W; V Eft 
3976.832 15 12 If] 4013.58 5W4 2 IV 
3077.62 3W1 V Ef 4014.01... 2W2 ate VE 
3978.42 SOW: 30 I] 4014. 382.. 25 12 ITI 
3979.02 1OW2 5 IV 4014.65 I2W: 4 IV 
3979.13 ; VE 4014.90 SM pel eee V 
3979.19 4 I IV 4015.44... 4W, : VE 
3979 .634 8w, V Ef 4016 .694 125 60 I] 
3980.05... 2W; VE ALT .SS* 100W2 I IVE 
3981.11. A eter eee VE 4017.72 20W2 VE 
3981 . 316 5Wy VE 4018.39... Ow; V Et 
3981.45. 3W2 VE 4019.72... MN. NG enim0 ete V 
3983 .00 bw, IV 4021.012.. 5Wr V 
3985.18 IOW2 6 IV 4021.84 2 I IV 
3985 .60 7 ae | RE VE 4022.91. ow, 4 IV 























TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 409 
TABLE 2—Continued 
INTENSITY INTENSITY 
r CLASS » ee eS ee ee CLASS 
Arc Furnace Arc Furnace 

4023-70... 4W, 2 IV 4007.41...| 3 2 IV 
4024.34 4Wy VE 4068 .34...| 4W; VE 
4025.445 8w, 4 IV 4068 .96 30W2 15 Ill 
4025.95 25W: 6 IV 4070.52 5W2 3 III 
4020.51 50ow, 15 Ill 4071.20 bow, 20 Ill 
4027.28 BIG be eee V 4071.34 5 IV 
4028.52 IOW, 2 IV 4071.38 eae | VE 
4028.62 4OW, ite) IT] 4073.52 5W, I IV 
4029 .577 4W1 eres oe 4073.76 8 6 III 
4029.99 I50W, 60 II 4074.48 3W, V 
4030. 21 IOW; 5 IV 4075.62 I V 
4030.66 5W1 4 IV 4075.92 2W2 I IV 
4031.35 A eweies VE 4076.83 2 2 IV 
4032.67 2W2 I IV 4070.95 4W2 VE 
4033.91. 5. OW, 4 IV 4077.15 2W2 ae VE 
4034.102.. Biba Poe VE 4078.2 40 30 II 
4034.51 I I IV 4080.48 3 I IV 
4030.15 50W; 50 II 4080.77 4 VE 
4036.55 20w, 6 lV 4081 .044 5 VE 
4036.90 2 VE 4081.87 2 VE 
4036.99... I 2 IVA 4084.71 IW2 VE 
4037.149.. <1). See eee VE 4084.88 OW: 3 IV 
4037.66 1OW; 4 IV 4085 .038 4W1 VE 
4038.37 OW, 5 IV 4085.38 40W2 VE 
4039.19 200W2 100 II 4085.50... 15W; 2 IV 
4040.48 50w; 40 II 4086.423..| 8w, VE? 
4041.94 a 2 IV 4087 .09 3W1 VE 
4042.018 ek as VE 4087 60 4W1 I IV 
4043.97 20W; 20 II 4087.86 8w, 4 IV 
4044. 36 2 2 IV 4088 . 80 re Seer ie V 
4047.74 6w, 5 Ill 4089.75 3 VE 
4049 83 4; 3 IV 4090. 20 4W; V 
4050.43 4W, VE 4090.77 3Wy V 
4052.08 8w, 4 IV 4092.96 3W1 VE 
4053 .087 IOW, 6 IV 4094.30 2W2 VE 
4055.26 4W2 2 IV 4004.9 2W; V 
4057.91 I ; VE 4095 .93 5W2 I IV 
4058.45 12W2 10 IV 4096 . 804 40W; VE 
4059.03... 1OW; 3 IV 4099 .03 Ci ae Cee VE 
4059. 37. FOO Vikrenss VE 4099.71 3W2 VE 
4060.00 20W; 6 IV 4100. 34 4 2 IV 
4060. 28 I5W2 10 III 4100.71 4W; VE 
4061. 566 IOW; VE 4101. 43 5W2 I IV 
4062.15 15W2 VE 4102.702 25W1 10 III 
4062.31 eM eee VE 4103.87 20W; 8 III 
4062.65 RGWs fe exes VE 4105.84 6w, VE 
4062.79 7 aig eaten ee VE 4106.22 2 VE 
4062.81 4 2 IV 4106. 345 6 2 IV 
4065.422 20 20 III 4106.60 AW Boece so VE 
4066.05 7 a ee VE 4100.77 ; 2 IV 
4067.132.. 3 I IV, VI 4106.88 - 40 II 
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TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 
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412 ARTHUR S. KING 
TABLE 2—Continued 
INTENSITY INTENSITY 
r CLASS ny 

Arc Furnace Arc Furnace 
4267.85.. IOW; 6 IV 4300.84 a i (ee 
4268 .44.. 3 VE 4301.58 6?w; 
4269. 33 Aa Mh he ce V 4302.51 10? 6 
4209.50 8w, V 4303 .43 2 
4270.244. 10 Sh VE 4304.32 3 
4270.50. I2W2 6 VE, IV 4306. 38 rn epee 
4271.65.. A | Weare tee VE 4300.95 ais Bs oe se 
4272.11. 4 VE 4308.00 I? 3 
4272.30. . Ws VeGaces VE 4308 .83 3 
4272.76 5 Oem) Seppeteremaye VE 4310.19 4W1 I 
4273.06 Se eee VE 4310.60 2W2 
4273.60. 3W2 2 IV 4311.02 5W2 
4274.86. Wea is laces VE 4311.28 3W; 
4275.37. 5 ae eee ee 4313.45 I2W; 
4275.91.. TOWe  hicaamen V 4313.85 5 : 
4276.20. . 30W2 20 iy I 4314.3 3W2 I 
4277.66... 7 | (a eee VE 4315.05 8w, 4 
B27 9 089%.) Re Gseteae V I AstO7 I I 
4278.67... iY cess vers Vi 4317.40*. IOW; 15 
4295.07... 2 ee VI 4317.67 8wr 
4270.25... 8w, 10 ITI 4318.90 3 
4279.62.. IOw; 10 IV 4320.16 2W1 
4280.05... aan! ye tea oe V 4320.98 2 
4280.36... CS ads nich secas VI 4321.20 2wW; 
4280.68... I Ae V 4321.67 2 
4281.08... 5W3 6 IV 4321.87 4W2 
4281.920.. S Wee eak. VE 4322.57 1ooW, 50 
4282.45 Ow, 5 IV 4324.31 4W1 Sone 
4283.02.. 2 2 IV 4325.53 30W; 20 
4283 .873 A Wied xt abe 4320.13 4W1 
4284.33 2W2 5 V 4326.44 8w, a 
4284.66 20W2 25 Ill 4329.36 200W, 150 
4285 .34 4 : VE 4329.97 200W; 150 
4285.72 IoW, 10 III 4330.61 40ow, 
4286.70. 4 VE ASST 7S a, 100 50 
4286.92 2 VI 4332.40... 2W2 
4287.27 Fi eee aee V 433235... 3W1 
4287.44.. 20W2 12 III 43330740. 6w1 
4287281... 3W3 2 IV 4334.16... Ow, 
4288.60... Be ey ee VE 4334.75 I2w, 
A208..08 <.:. Ce Ce ee VE ASASAS\.« < 4W2 
4292.44... 6w, 4 IV, VI 4330.44... 6 
4202.07... 15W3 8 IV AZ30.9T...... 8w, 3 
4293.87... 25W1 20 III AZ3708..«: 200W; 100 
4204.54... Bigs We asapah VE 4338.46... 5W2 3 
4204.70... ar Nea eee VE 4339-93... Et Pek | ere 
4205.44... Bewee Nve wv aen VE 4340.48... 10 
42907 .43.. 25Wr 10 III 4340.70... FEW WS occ sicer 
4297.81... 3W2 2 IV ASAT 24, 2 anes 
4298.07... Ow; 2 IV AGAZ.SS. cx 4W2 2 
4298 . 73 3oow:; | 150 IIT 4343.25... 30W, 25 
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TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 413 
TABLE 2—Continued 
INTENSITY INTENSITY 
nN CLass A CLass 
Arc Furnace Arc Furnace 

4345-91... 100W, 60 Ill 4385.78... 3 ee 
4340.82.. Pee eee VE 4387.88 250 125 III 
4347.26.. 5W2 2 IV 4388 . 38 ( ae Weer VE 
4348.13: .- 4w2 |. \ 4389.07 7 i Sees VE 
4349.25 2W2 \ 4389.2 AW. Peas ccs V 
4349.49. 2 Pye VE? 4390.30... Bee Pa scat VI 
4349.72... 25W; 20 IV 4391.19... I2W2 I IV 
4349.97... 3 eee ih ol > 4391 .37.. low, |.......| VE 
4350.13 12W; 10 I\ 4394.00 ae) Rae V 
4350.42. 2 VI 4390.44 7 oad foes VE 
4351. 201 4W1 Vi 4307.70 i Sener VE 
4352.24 ow, VI 4397.96 8w; 3 IV 
4352.94 SW: Vi 4399.32 he) Seer VE 
A353;:S1. ; 2 af Vi 4399 .60 PW Poacirys V 
4354.47". ? 4 IVA 4401.71 AWs. Tose VE 
4354.80 150W1 80 IT] 4402. 20 7 Ay eae pese ar VE 
4355.09... 300 ed crates at 4402.89 de ARE ace VE 
4357.70 ee eee VE 4403.15 eR See ce VE 
4359.88... i, ae |e VE 4405.15* ’ 4 IV 
4300.11... BWar Pesce. V I 4405.27 | seas ae Sine VI 
4361.21 I Vi 4406.79 20W; I IV 
4463.57); . ‘| pease Vi 4407 .07 TSWe. bscs esas VE 
4309°25..,. 4W; 2 I\ 4409 .07 BW few soos VE 
4362.43.. me” lees a VI 4409.65 Sie Be cee, V 
4365.18 AG Word eee VE 4410.47 Bae bee VE 
4300.51... ow; 3 IV 4410.63 4W1 3 IV 
4367.54 <a | ieee. te aS 4411.1 2W; \ 
4307.89 ae iPeeoie, Vi 4412.03 8w, 5 I\ 
4308.42 Sw. [ences VI 4412.38 Pg | oer pVi 
4308.52 bees 3 IV 4412.98 ra Vi 
4369.47... 40w; 15 III, VE 4413.51 12W; 5 IV 
4370.34.. POW He ca ncks VE | 4414.2 I V 
4370.47... Sow, 60 Ill | 4414.64 Cm “eee. VE 
ASE AS, SO re. V 4410.72 3Wr Sas V 
4372. 20 8w, |. |} 4417.25 8ow, 60 III 
4373-45... 31 VE 4417.55 5W3 6 I\ 
4374.68... I oe oe VE 4419.66 SWe. Wes 2 
4375.12... 5 VE 4421.95 a Seren VE 
AZVE 32. en eae Vi 4422.57. Me Be V «I 
4370.16... 2 \ 4422.90.. 3We 3 IV 
4376.42.. Cae Ean VE 4423.35. . 4W; I IV 
4370.62 2 “he VE 4424.23 EWe fee: x. |VE 
4377.33 Wie fevos nah ¥ 4425.17 IW; V 
4378.27.. I eee oh > 4420.42 5W2 se Vi 
4379.81.. Swe - f. - | VE 4426.62 I cee nee cp eee 
4380.16... 4W1 2 IV 4426.94 5W2 4 IV 
4380.98... IE iearca VE 4429.76 i ne Pe Vi 
4382.05... BW) ietone ets VE 4430.80 1OW; I~ IV 
4483.17"... 200W1 3? IV ? Asse GG, . -\) a ge tele VE 
4385.51... a Soe VE 4433.28. 8w, V 
































414 ARTHUR S. KING 


TABLE 2—Continued 











INTENSITY INTENSITY 
IN CLass d SSS Cass 
Arc Furnace Arc Furnace 

4434.51... OW: fe ves A ee gat 4492.39... 4W; rag etal 
4435 46" ats US) REE 4494.34... ee Bo. 
4435.58 . 150 4495.05... R6Wa docs LON, 
4430.59... IWr VE 4495.98... 7S VE 
4430.99... 3W1 V 4407.45: .. 4W1 2 VE, IV 
4437.90... 4 VE 4500.27... ht an Cer ee? 
4440.04... Ow: 2 IV 4502.10... 2W2 eet VE 
POY Gap Gy (eee 2 VE 4503.40... ONe lovee es \ 
AGAT 89. «x I5Wy VE A504-52..... aa | (ee VE 
4442.42... 3 VE 4504.98... Ae tiaras VE 
4444.26... 4W1 VE 4505.25... 8w, I IV 
4440.71... 2 ee Deere kf 4505.73... 2 cn. tn 
4449.13... 12W2 2 IV 4507.43... OW: 2 IV 
4457 263... Ne a | ees VE 4508.66... IOW: ri V 
4451.97... ow; 4 IV 4509.04... 4W1 2 IV 
4453.08... ee ae VE ASIOJO7: ... IW2 Siacecsiask AW eae 
4450.07... rn ee V ASIT 83%... 3W; 2 V E, IV 
4456.98... 5W2 3 IV ASI2) 24"... 15Ws 5 [V 
4460.88... 2W2 ae VE A662)-62%..5 2W1 m. .| VE 
4461.546.. 2 VE ASY3 590... 20W2 10 II] 
4462.14... BW es 4 VE 4514.00... 15W1 4 IV 
4463.83... 3W2 VE 4514.29... BWar Wisc cane VE 
4464. 563 40 30 Ill 4514.44... aaa | eeeeietresriry i 
4464.07... 200 Hite VE 4554-95... SE aoe V 
4466.01... 3W1 es ae 4515.49... OW fis na cs \ 
4406.34... 5Wr 4 IV 4516.94... 7 P| eer VE 
4467.22 4 3 IV AST?.20).. 0 Ow; sare VE 
4468.03... I5W, 6 IV ASI? 70... 20W, 6 IV 
4469.64... ow, 3 IV, VE 4518.70.. hh Ca | Seeeeees ee VE 
4409.91... 2 a tidak > ASIOUSAS.. 4 bara VE 
4471.64... 4 Ses ois oil ee ASIO.79. 0. 2 I IV 
AAT. 00..<. 50w: 40 II 4520.99... 5Wr a V 
BATA 24. 3; ow, ey tral 4522.46* “ 10 IT | 
4472.87 I Bee image 4522.59") ore 100 
4474.10 Ow: 4 IV 4522.91"... 15 20 III 
4474:.50.-; 3W1 I IV 4524.49 I2W2 8 IV 
4475.78... 8w; 4 IV 4520.08 CMe. Peas tsn V 
4470.89 I ee il 4526.69 60 30 Ill 
BATTED... I5Wr 2 IV AS27.0%.. 3Wr I IV 
A478 .4.... 3W, I IV 4527.74.. a | Se ere V 
4480.11... BOs. Siete ss V 4533.08... Be WR eee ok Ma 
4484.07... 2W2 VE 4532.63... t. DWescotenstate Vi 
4484.67... 8w2, V ASSSSO)-...; 200W1 100 Ill 
BABS OTE. 5 100 VE 4538.05... 20W; 20 III 
4485.52 4W2 VE ASS8. 655.1 2 VE 
4487.79 I Vi 4539.24... I2W1 oh 
4488.28... 15Wr Vi 4539.69... 3W2 cin Cea 
4488.92... 2W2 Vi 4540.59... 4W3 2 IV 
4489. 26 2 VI 4541.95... we Wwe V 
4490.18... IW Vi 4543.18... IOW; 6 IV 
4490.59 2 Vi 4543.80... OW: : V 
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4594.03 
4597 - 34 
4599.19 
4599-4 
4601.18 
4602.03 
4004.52 
4005 55 
4608.18 
4009.14 
4010 8 
4011.51 
4011.9 
4012.43 
4014.03 
4010.49 
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4039.75 
4041.41 
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4042.50 
4044 
4045 
4040 
4040 
4047 
4047 
4047 
4048 
4049 .00 
4050.45 
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4051.545 
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TABLE 2—Continued 














INTENSITY INTENSITY 
ny CLASS A CLASS 
Arc Furnace Are Furnace 
4653.30"... 20W, 15 I\ 4710.29.. BW. Wews.n aes Vi 
4653.86*.. ow; 5 IV AVL. 225 2k 40W; 40 III 
4650.73... 60 25 III 4718.61.. 40W2 40 Il] 
4658.63... 15 Wy oso. 4720.21 ....; ow, 8 IV 
4060. 36.. 100 50 Ii 4720.54... 8w. 15 IITA 
4061.01... 15W2 8 IV 4723.30 I Bs. ars 
4061.46... 1OW; 6 IV 4723.90... 15 15 ITI 
4661.88...| 7oooR |4000R | I 4724.08.. 20 20 III 
4665.07.. 20 \ 4724.90 3W3 V 
4065 .96 I \ 4725.69. 6 VI 
4666.59 CML egeeraeercey ()' 4720.8... IW; as bh 
4067.41*.. 3 er cl Se A727.47... OW: 10 IV 
4668.13... 3W3 V AGG 212. : 30 30 II 
4671 .166 25 \ 4730.70.. 4W: —? V? 
4671 .382 10 \ 4731.82 3W1 6 IVA 
4672.85... 6 \ Ate OTK. 2W; \ 
4075.49... 20W1 15 Iil BIBS OF 0-9: 2W; —? V? 
4679.48... 4W2 4 IV £720.58: <i: 40 40 II] 
4680.1.... IW: I IV A730. 10 cs: 50 50 III 
4081 .054 "age Wear V 4739.94.. Mn, Cpa gees V 
4081.53 IOW; 10 Ill 4740.50... 200 100 III 
4082.1 "coal [eae Pace V A741. 70.5.5 8w2 12 IV 
4682.74 I ee 4743.05... BW: Pen ccf V 
4084.78 4W; 2 IV 4745.66... Was hokey cs VE 
4685.25 4OW; 30 III BIBT Os ain EWS. fescue V 
4685.71 3W2 2 IV BASE cs. EWar Wecee se te 
4086 . 66 2Wr I IV 4749.64... 4 ee 
4686.85 3W1 3 IV 4750.08... 2W2 2 IV 
4688 . 2 200 80 II 4751.37... 4 Pct aN 
4088.51 3W1 VE A752-42:.. 2W1 3 I\ 
4689.7 4W2 8 ITA 4752.7 IW, V 
4690. 29 PPE Darren | o\) APR. 71 2 VI 
4091 . 30 3 eet) Ws ATEL OS... 2 RP 
4092.64 40W2 40 II] A755 03: .< 40W: 50° III 
4695.35... 4 seta: new eae 4758.74... 40w, 30 III 
4690.11... I eee | of 4762.30... BW Weenies V 
4697.59... 8 8 IT] 4762.02... 40 40 III 
4098.12... 150 60 II] A703 <94. .: IOW: IO IV 
4099.42... 5W2 5 IV 4963..07 «:< 125W2 80 III 
A700. 42 .<: 3W2 5 IV 4765.16... 4 5 IV 
4702.623.. 10 ee V 4765.60... 3W3 5 IV 
4703.36... rg eae mead 4766:65... 4 6 IV 
4703.92. ... 6 5 III 4768.28... 3 5 I\ 
4704.50... 20w2 |° I5 II A706 77 osc Bs lhc. en ee 
4705.99... 3W; 3? IV e 4769.61... 10 15 If] 
4708.0... ... IW; ae Y's A790 98%. 0% I50W: 100 III 
4709.81... 20W2..| 15 III AF9D 92... aie. Wavcceses 4 V 
493 2.525... BO Asse clays VE 4772.65... 3W3 erie te) 
ATE? 42.5 4 2 IV 4773.01... Be Wiese censs V 
4713.04*.. are Soe V AIFS TAT. Sa yee V 
BFL IEO os 300 80 III BITS. 78% < en, Ot V 






























































TEMPERATURE CLASSIFICATION OF EUROPIUM LINES 417 
TABLE 2—Continued 
INTENSITY INTENSITY 
ny CLASS r CLAss 
Arc Furnace Arc Furnace 

4776.16. Ry Mieco cre V 4825 .63 40 30 III 
4776.51. eo Silos VE 4827.95 4 6 IV 
4777.16.. ow, 6 IV 4829.30. . 200 80 III 
4777.70. . 200W:2 60 Ill 4829.86... 20 20 IIT 
4778.04.. 100 60 Ill 4830. 33.. 250 80 IT] 
4779 -34-- IW2 2 IVA 4832.68... 6 12 IVA 
4779.70. 4 8 IVA 4933-68». 5W2 Vv 
4781.32. 50 4° II] 4834.61 BW iionscan VE 
4782.00. . \ ly (ene rae V 4835.61. We beaokess V 
4783.44... | en eae V 4837.0 4w; 2 IV 
4783.04... Ber Wiere st ners VE 4838.22 3 I VB, IV 
4784.01... 40 40 III 4838.8 ane) See ree Vv 
4786.60... BW. Bes. Seca V 4838.92 20W; 8 IV 
4787.61.. ya) perp aery VE 4839 .05.. 15Wr 6 IV 
4787.98... 4W2 10 IVA 4839.58 2 5 IVA 
4789.62... BW a Woe rains V 4840.47 150 60 Ill 
4790.6. Ba. oct ces V 4841.14.. I 3 IVA 
4791.15.. 5W3 6 IV 4843 . 360 30 40 Ill 
4791 .84.. IOW; 20 IIA 4844.31 25 30 Ill 
4792.58... 300 150 Ill 4845.62 2W1 .? VE 
4795.89... 3W2 4 IV 4848.70 2W; 2 IV 
4707 .33- aN] Seen V 4849.64. . 300W2 200 III 
AIOF Ores. 50°w; mm (III 4851.2 6 8 IV 
4798.06... 60 II] 4851.87 3W2 3 IV 
4798 .92.. 15 15 IV 4852.03 5 5 IV 
4799.38. . 12 20 Ill 4852.65 WW Pecan VE 
4800.79. . 15W2 IO Ill 4856.17 I ee V 
4801.2.. Be esc V 4850.78... 3W2 8 IVA 
4804.08... ICO 40 III 4857.95 ® tewscwaca V 
4805.18... aR Rotor ie VE 4859.50 Re Daenecndats VE 
4805.40... 4 4 IV 4860. 29 I I IV 
4806.94... 1OW; 6 IV 4860 . 86 12W2 15 IV 
4808.63... peau) eer V 4861.16 I 3 IVA 
4809.20... 200 150 Ill 4863.12 2 6 IVA 
4810.78... lee ea V 4866. 40 4 12 TIA 
4811.74... Ee Oba aces V 4867.62 600 300 Ill 
4812.07... — Penkces V 4870.89... IW2 2 IVA 
ASTER. BR e. 8 15 IVA 4873.54.. \y ne] Ree Vv 
4814.49... Aa EN entcry VE 4878.19.. Big de ce das V 
4815.21... FW space ae V 4879.17 6w2 15 IIL A 
4819.54... 5W2 I IV 4879.47 4W1 4 IV 
4819.88... I5Wr 15 IV 4883 .05 IW; I IV 
4820.47... 50OW; 25 IV 4884.05.. 150 150 II] 
4820.80... 4w2 15 IIA 4885 .10.. AWE Vay ctx VE 
4821.43... Mn SenGeree V 4887.45 IW2 4 IVA 
AS32).20. 2W1 4 IVA 4891.02 I I IV 
4523)..25'... Be vee V 4891.55 3 3 IV 
A822 SU)... ee Peer V A503:S.- Es. abe es V 
4823.79... 7 Sees VE 4894.68. . I50W: 150 III 
4824.26... MOL Eee coger VE 4896. 20.. he ‘Exar V 
4825.40... 1OW: 10 IV 4808 . 39 RWe, ose a550 V 
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TABLE 2—Continued 


























| INTENSITY | INTENSITY 
nN CLASS | d eiceiaiieil CLA 
| Arc Furnace } Arc Furnace 

4900. 49 > ae ev eats V | 5035.4 20w, | re. Pay 
4900. 86. 600 200 III | 5037.70 I Vi 
4902.66 nf IW1 2 ORV ERA |] 5041.73.. IW, V 
4907.18...] 1500 600 II] | 5044.82.. I— | V 
4909.49. ..| 3 1VE | BOAS 24: . 10W2 30? ~«|dW IVA 
4910.85...| EWr fs... | VE | 5046.29 I ; [IVA 
4911.40...} 1800 S00 | III |] 5048.18.. I— | VE 
4917.50...| 5 6 | IV | 5048.99... I 1 v 
4919 .34...| I 4 | IVA 5049.78...| IW, 2 {IVA 
4922.25...| 8 15 | WIA | S062. ET... IW2 ; VE 
4924.6 g pes UT EY I} O52 02... AW, 15? IVA 
4924.73)" "| sei is iS | 5056.02... 10 30? IIA 
4927.42...| I— | |V | 5057.50 I5W; 6 (6 
4928.02...| 80 30 | III } sos8.71...| 2W, | 4 |IVA 
4929.00 I 6 | IVA 5058.96 | I I | IV 
4932.83 125W: so. | II 5000.00...] 5Wr 25 | TMA 
4937.62...| I ew as | 5060.45...| I | V 
4938.31...]| 300W; oo | EET |} 5061.81... I— seis Be 
4044.57...| peal agra es ae | V | 5063.74 | 200W, 100 ~=—s |: TI 
4047.39...| 200 60 «=| Il 1 5064.56...| I were 
4950.12...| 2W2 : 1VE | 5065.72 | 2 2. hey 
4951.32...| I 4 | IVA | 5066.92 | IW; | VE 
4952.8 Ge ae | V | 5067.95...| 400 geo |: III 
4053.52...] 300 125 | Il || 5069.26... 2 2 IV 
4958.00 | 2 ; VE | 5070.04.. I ze IVA? 
4990. 21 | 400 200 III || 5070.30... 8w, 6 IT] 
49601.40...| 2 Aa Ee ae VE i; “S074 4d... I— VE 
4902.55 wt 500 | 250 | LE | 5074.60... 2W, -. 
4904.06. ..| I— eae] ob i SORE FT: 34s I 2 IVA 
4968.73...| 150w; | 100 | It || §076.01 | I I | IV 
4975.19.. I— 2 IVA || 5077.41...| 30 20 | IT] 
4975.76...] 300 150 | Il] |] 5078.05...] 15W,2 20; | EE 
4970.44 6w, |VE | 5079.25 | IW; 4 | IV 
4984.02...| 12Wr 30 «6| TIA || §0°79.97...] 5 ie |IVA 
4986.79 | bow, 80 | II | 5083.07...| I | VE 
4991.89...| 5 | VE |} 5083.81...] IW2 ata 
4992.73...| I 4 |IVA |] 5085.62...| 30W2 20 Il 
4905.61 6 set | VE | 5087.18... 4w: 6 | IV 
4990.01...| BW leaeke 1VI | 5089.10... 250W; so. S| ‘il 
5001 .85...| Ret Renee | V | 5091.39... 3W; 6 |IVA 
5002.71... IW; rw 5092.30... 3W2 ro? | WIA 
SO13.37...; 1500 300 | III 5092.69... 6boow; 200 Ill 
5015.64... 5Wr 15 IVA Hl: SOQAukA: . 3 VE 
017,07... I “96 WEVA | COOSTO: ..«.4 Bote: dara s cits V 
5018.59... En (olen V | 5096.44... 300W; 50 | IT] 
5022.91 a4 2000 400 II] it 5008. 5S ...:.} 40 20? III 
5029.4....| 100?w, | 50 | Ill | 5008.73 | 300w, | 100 | III 
£020.54... 600? 300 III HH, ogmori27... « 6 6? | IV 
5032.42: «., 3 3 IV | 8709.43... < 12W; 15 | IV 
BOTs Hee 500 100 Ill | $103.65)... I ? V? 
5034.17 Cen) keen | V | (S5O60%9.... IWa | V 
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aD = ST 











~— | 
INTENSITY 1 INTENSITY 
N Sy Crass || d —__—_—_———|_ Cass 
it 
Arc Furnace || Arc Furnace 
5107.74 G0. bic. ac Vv 1 §165)..3 | IW? —? V? 
stIO.03.-- 2 3 IV || 5166.70 1200 600 II 
$110.99... 30W2 15 IV |} 5167.20 4ow, 50 Ill 
5112.85... bw, 2? IV ? |} 5168.17* 1? 4 IVA 
“513.0... 5W:r 6 IV | 5168.22 4W2 Me VE 
ooo 800 400 II |] 5168.55 2W1 2 IV 
$115 fs... hae aan saa V | 5169.32 4OW2 40 [Il 
5115.74-- 4W1 ? IV ? | 5169.75 20W1 20 IV 
5118.15. . SWite ice V | 5170.50 20W1 1S IV 
5118.88... 2W2 4 IVA | CE22: 30m I 4 IVA 
5119.47 20W2 20 III || 5174.02 | 12W: :2 IV 
S121. 22. Ree Slee V | 5174.91 30 30 III 
5122.25 I 2 IVA | 5175.20 I 2 IVA 
5122.85 I See N! } 5176.42 6W; 20 ILA 
5124.77 300 150 III ] SITET 2W2 2 IV 
5120.21... ee Coe VE || 5178.01 25W; 50 IIT A 
5126.60... 5W1 8? IV | 5178.69 50W: 100 IIA 
8127.03. « 25W3 20 III | SISL OF: +: I2W: 12 IV 
5129.10...| 1200 500 I] | S562, 94x; I I IV 
§130:.00.. . « 200W1 100 III | Chto ee ae EWe [once nee VE 
5130.47... 3W5 ? we | 5183.56... 4W, 4 IV 
BIGOKOg s+ « a 3 I\ | SISA. 308: « 2 6 IVA 
BIQh 30... 7 ee Eee: VE |} 5188.50 1OW: 10 III 
8122.42... 10W; 20? IVA? | 5189.88"... 10W; 10 IV 
R193. 62." 1500 800 II ! S103. 94:~.) 50 100 TT 
5135-44... 8w, 10 IV | 5197.00. ..| ae, Brecracae VE 
5135.91... EVs pee ee V | 5197.32-..| RWe feees ee: V 
5137.52 4 10? IVA? ! 5198. 22 2 2 IV 
5138.51 3W1 3? IV | 5199.27 4 4 IV 
5141.00... 40W: 30? III |] 5199.85 8o0ow: 400 III 
5142.87... EW forsee stow |} 5200.96. . 400 200 Ill 
5145.70 2W2 2 IV | 5202.58 | I I IV 
5140.04 3W2 10? VA? | 5200.44. ..| 60W; 60 Ill 
5146.40 8w2 15 III, VE |} 5207.88 | 20W1 40 TILA 
5146.72.. 3W1 3? IV ° | 5209.77 I pee Nol 
5147.80... 30W2 30? II] | 5213.36...| 300 250 III 
BEAD. AX. 3’ 8w; 20? TILA || 5215.10...| 2000 1000 II 
5149.30... 1OW, nts III | 5217.01 | 200 100 Il 
5150.8o.. 150W2 50? III I 5219.22 OW: fe) Ill 
5152.26. . re © Wea srsts V || 5219.42 4W1 4 IV 
5153.20.. PV cha Ceneneres? V | 9949.4. ... f Beee aad VE 
5155.42.. 125W3 100? Ill | $222.98... 2 6 IV ! 
5150.41... 30 15? Il! || 5223.09... 20W2 40 IIA 
prey. 92... IW: I IV | 5223.49...| 1000W2 500 II 
5158.48... ‘Ws Pon see VE 5224.41. . IW 5 IVA 
5160.07...| 2000 1000 Il 5224.08... 3W3 fe) IITA 
5160.39... 6w, ? IV ? Co 7 ae Aer I I IV 
BEO2), 20:.... 3Wr 3 IV ? 5232.89... I 3 IVA 
ETOs. OF). ... "ha Benen V 5233.90 50° 40 Iil 
5164.82... 3W1 ae IV ? 5236.13... 30 10 III 
5164.53... I —? V? 5238.47.. Meg neers VE 
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TABLE 2—Continued 
INTENSITY INTENSITY 
CLass d ————SS CLAss 
Arc Furnace Arc Furnace 

5239.24 I50W2 I50 Ill 5298.10 40W 80 IIA 
5239.82 2 8 III A 5299.14 IW; 4 IVA 
5240.43 I 3 IVA 5209.63 I 4 IVA 
5242.71 40 20 III 5300.11 I V 
5243.79 IW, ; V Sa0T <7. IW; V 
5245.55 ow, 20 III A 5302.72 Sow 80 III 
5240.48 I— é VE 5303.85 300W; 150 II] 
5248.65 150 30 Il] 5305.50 5W1 5 IV 
5249.17. I50W2 150 III | 5307.00 I— V 
5250.13 ‘ceca eer VE 5310.01 3W; 20 ILA 
5250.38 2 VE | San uso I V 
5251.86 I— ae VE | 5312.22 5W 30 ITI A 
5252.86 2W2 4 IVA | 5315.60 I- V 
5253.38 2W2 V | 5316.04 20 20 IV 
5255-32 I 2 IVA || 5318.65 I V 
5256.08 30 20 II] || 5319.46 iW VE 
5250.79 I— venti V || 5323.02 bw, 40 II A 
5257.44 I I IV | 5320.2 I V 
5258.70 I— VE Nee Cr ee Iw. | 1? IV ? 
5259.86 2W; Vi | 5328.70 I— | VE 
5260.92 2W2 3 IV |} 5329.31 2 | V 
5262.25 2W; I IV | 5329.89 wr | 3 IVA 
5263.03 50 30 Ill | 5333.28 I V 
5264. 22 I V | 5334.09 I VE 
5265.22 2 2 IV | 5335-64 I I IV 
5265.56 2 oe V | 5330.97 2w 6 IVA 
5266.40 I200W2 800 I] |] 5338.30 8 50 IIIA 
5268 .64* 2W2 2 IV | 5341.30 IWy 4 IVA 
5271.47 5w2! 5 [V || 5341.91 12 10 IV 
5271.96 3000 500 , | Ill | 5343-79 3 3 IV 
5272.48 50ow; 300 II | 5344.30 IW VE 
5273-53 I VE 5340.22 I I IV 
5274.39 8w, 20 III A 5348.18 IW, I IV 
5275.05 15 15 Ill 5350.14 5? 10? IVA 
5275.66 50 12 II] 5350.41 80 40 III 
5277.05 2wW, 6 IVA 5350.83 2 V 
5278.17 20W1 20 Il] 5351.69 300 150 Ill 
5278.90 2W; I IV 5352.84 100 50 II] 
5280.65 25W2 25 II] 5353-84 I 3 IVA 
5282.82 1000 300 III 5355.10. 300 | 150 ITI 
5283.31 I— nao VE S255 .73 iow, | VE 
5285.47 40W; 40 IT] 5350.73 60 30 II] 
5285.73 60 40 IT] 5357-61 1200 1000 II 
5287.25 150 150 Il] ee feted ? 50? IIA 
5289.25 300W1 100 III 5300.1. I— ~ V 
5291.26 200 60 IT] 5300.83. 250 150 II] 
5292.54 IW; 3 IVA 5301.61 500 50 Il] 
5293.68 200W; 80 III 5362.31 Go Mikes. V 
5294.64 Viet. WROD III 5364.2. I— I IVA 
2 7OOW; ee ; ) ; ; : 
5294.7 | 50 I\ 5304.62 8 § I\ 
5295.58.. 2W: 2 IV, VE 5308.08 2 2 IV 
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TABLE 2 





537 
5372-35 
5374-23 
5375-04 
5376 
5384. 24 
5380.19 


R401 00>... 


5392.94 
5393-47 
5390.01 
5397 - 35 
5399.68 


5402.77... 


5495 - 33 
5400.01 
5407-42 
5411 
5412.52 
5413.50 
5410. 27 
5419.05 
5421 
54260.8* 
5420 
5431.55 
5430.22 


5437 . 30 


5440.99 
5441.63 


5443504 


5440.55 
5447-13 


5448. 20 is 


5451.51 


5452.04... 


5457.62 
5458.15 


5459.40... 


5465.00 
5405.87 
5407.05 
5470.81 
5472 
5477.56 


5481.78*.. 
5482.59... 
5483.52... 
5484.40... 
5485.50... 


BAGO PO's. 








INTENSITY 








Furnace 


uv: 





CLASS 


II] 
IV 
IV 


II 
II 
Il] 
IV 


IV 
\ 
HI A 
VE 
II 
IVA 
IVA 
IVA 
IV 
HLA 
IV 





























421 
Continued 
INTENSITY 
d CLAss 
Arc Furnace 
5486.70 IW; nee V 
5488 .653. 800 600 II 
5490.03 3 6 |IVA 
5402.22.. I— 2 IVA 
5495. 200 250 200 II 
5495.80. . 10 20 IIA 
5400.77 I I [V 
5497-95 I5 40 TIA 
5500. 48 20 40 IIIA 
5500.83 IOOW; 100 III 
5502.05 I I IV 
5502.30 2 Z IV 
5504.93 3W1 15 IIIA 
5510.52 600w; 500 II 
5511.09 20 2c III 
5511.77 4 4 IV 
5514.2 2W2 4 IV A 
5514.92 IW; 3 IVA 
5510.81 I I IV 
5517.96 2W2 2 IV 
5519.62 3W1 6 IVA 
Seto. 73" I— Se VE 
5520.45 I I IV 
5529.2... IW, I IV 
5522.10 2 I [IV 
5522.38 I IV 
5524.44 2 | IVA 
Soeeh... EWa. lie eee V 
5526.627 125 125 III 
5533-25 so S50 III 
5530.10 4 8 HLA 
5530.83 2W2 2 IV 
5538.02 2W, 2 IV 
5530.24 I I IV 
5540.74...| Be) Views, V 
5541.60...| 20 15 IV 
5542.54 | 100 60 Il 
5547.44...| 1200 1000 II 
5549.8 hn V 
5550.37 of V 
5562.8 | IW? I IV 
5500. 45. ..<i 4 4 IV 
5500.89 Pe) 8 IV 
5570.33 1000 800 II 
5572.05 | 4W1 8 IVA 
5573-52... 2W1 3 | IV 
5577-14 1500 1200 II 
5578.8 in OS V 
5579.63 6oow, | 400 Ill 
5580.03 Soo 600 II 
5581.8 BWs Poocaccs V 
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TABLE 2—Continued 

INTENSITY 
» CLASS A 
Arc Furnace 

5584.52 a ee VE 5684. 240. 
5580.24 800 600 II 5688.38... 
5586.83 600 300 III 5692.68 
5587-73 IW; 2 IVA 5694.05 
5589.28 2W3 4 IVA 5690.3 
5591 .60.. 4 4 lV 5690.50 
5592.25 40W2 60 Il} 5690.8. 
5593.10 5W1 20 IVA 5607.44 
5593.22 Se Care VE 5609.84 
5598.5. "6 an eee V 5705.82 
5599.11. I5Wr 20 IV 5700. 22 
5599.80 bow; 80 II] 5707.57 
5601.3. IW; I IV 5707.89 
5602.7... I— ny? V 5700.3. 
5605 .86 60 60 It] 5714.39 
5607.38 8 20 IVA sv ay eo eee 
5609.70 2W1 2 IV 84718.01.. 
5612.2. IW; I IV 5721.87 
5617.05 4W2 4 IV 5725.74 
5618.81.. I50W: 200 III 5907 30 
5619.50 I I IV 5728.20 
5620. 23 I I IV 5730.87 
5621.87 I . VE 5731.50 
5622.44 600w; 400 I] 5732.72. 
5620.04 vf ama | erty V 5734-4 
5627.07. 10 10 1V 5730.61 
5029.42 I— ¥ VE 5737.2 
5032.54... 600 400 I] 5738.22 
B626.00:.... 2 4 IVA 5739 .000 
CORO VAL. «. 2W, 2 IV 5740.9. 
5640.22 5W3 8 IV 5743-4 
5645-795 1200 1000R | I 5743-9 
5649.81... coca] PRearaniee VE 5744.30. 
5649.88... 8 15 IV J 5749.02... 
5650.28... 8 12 IV 5750.90... 
SOCT TTA. 30 30 III 5758.03 
BOS2)538)..'2 eo) Aches V 5700.97 
5654.65 1OW; 30 WIA 5703.94 
KOs6. 8... = dees ees V 5765.20 
BORG 67 ....2 I I IV 5766.80... 
5659.87... aa PRR are V B907 OF... 
5605 . 35... 8w, 15 IIIA 5760.50::.... 
5668.23... ow, 8 lV 5769.88... 
5690, Ls-50 IW; I IV SOTA Bais 
BO9T 54)... I— 2 IVA S7U8. A. a + 
5O7F 00)... I 2 IVA 5778.00. + « 
5673.85. 600 400 I] SOT 3. . 
5674.98 10 10 lV 5783.69 
5676.60... I— I IVA 5787 . 34 
5681 .099. . IOOW: 150 III SIO. A... 
5052.25: +. [= I IVA 5789 . 34 
































INTENSITY 
Arc Furnace 
so 5° 
20W; 40 

IW2 2 

IW: 2 

| a I 

nie 

I I 

ae 

IW, I 

“$5 

I 

— 

4 8 

IW; I 

IW; I 

a 

Sw; 8 

I I 

= : 

I I 
12Wr 20 

500W2 400 

Ow; 8 

I I 

IW; ‘ 
I2W, 15 

IWa2 

IW, 2 

400 200 

I 

I 

I 
12W; 12 

3W2 ke 

I 3 

os I 

I I 

I ; 

2500 20001 

3 3 
10 

3W1 3 

I 2 

I 

I ee 

I I 

3 - WRK Sec 

I 200W2 1000 
foe Suns 

IW. I 

I 








CLASS 


III 

IIT A 
IVA 
IVA 
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INTENSITY INTENSITY 
r CLAss rd CLAss 
Arc Furnace Arc Furnace 
5789.41... IW, 2 IVA 5888.72 I t IVA 
5792.08... I I IV 5891.30... 10 12 IV 
5792.72... 50 30 III 5805.31... 40 40 II] 
57O4. 01... « GW Hanecieen VE 5899.3... IW; ee SC 
5790.0.... Wie. feet = 500. 28. .. I— rea ae 
$907.4-<-. IW, ne V 5902.77.. 125 80 II] 
5800.27. . 800 600 II 5900. 26 4W;3 OPER }\ 
5803.92 I— re ae 5908.70. . 8wi 15 IVA 
5805.68... 20 20 Ill 5909. 41 10 20 IVA 
5807.7.. IW; Fees: 5909.94... bow, 125 Ill A 
5809.9. . I I IV 5914.66.. 20W2 30 III 
5811.0... I Rie ON Oe SORES. FAnc. 800w, 600 III 
BOEE..3 75. Beet Pastas VE 5921.0.. I Sere Nh: 
5815.40... pm Dy ven VE 5921.56... WR Seales VE 
6817..65).. 1W2 I IV 5022.30... mel Pee rane VE 
§818.74...] 1000 fe) IVE 5924.91... 15 15 III 
5820.03... 50 40 III 5025.30... 40 25 Ill 
5820. 80* - 8 IV 5920.52... 300 250 Ill 
5820.91 | 9 ear iare VE 5927.03... I I IV 
332.52: \; ; Cag eee VE 5920.1.. | | <a V 
58260.5.... IW, I IV §931.8:.. fo Bees V 
5927.75... IW; Marae SOA7 FF =<. I5Wr 15 IV 
5829.49... 50w; 100 IITA 5940.9.... I OR \'\' 
5830.98...} 5000 4000 Il 6041.6... Cy Beas V 
5832.68... I I IV 5042.72... 150 100 Ill 
Sean. 8)... . EB . ‘aceon VE 549 6S. os. EWas fe eveews V 
5838.03... 15 15 Ill 5950.37... 2 2 IV 
S8aa.5c.... 12 12 IV 5951.22... 2W;3 2 IV 
5844.62... By beans VE 5953-40... 60 60 III 
5845.77... 50 50 II] 5953 -84* Pe | ree VE 
5846.37... IW2 2 IVA 5953-97") i 20 IV 
5S40. 7. «+ « I I IV 5954.28... 60 150 IIIA 
5852.42... 3W, 6 IVA 5055.75: ... 8w. 20 IVA 
BSSs 40... aa) Sete VE SOE Ec... B= fo.4dass V 
5854.13... I I IV 5963.76... 400 300 II 
5855.90... ey eee VE 5904.85... IW; I IV 
5856.95... 20 20 Ill 5966.07...| 1200 15 IVE 
5860.97... 80 80 Ill 5907.10...]| 2500W2 {2000 II 
5864.77... 40 40 III 5968.43... 40 40 Ill 
5866.67... 40 80 ILA 5970.87... 6 10 IV 
5867.82... 3W2 6 IVA 5971.69... 60 50 Il 
5872.98... 500 6 IVE 5072.75.. Soow: 600 II 
5574.2... EWan beeen: V SO7S. 71... 5 8 IV 
5874.87 I I IV 5975.80. .; IW: 2 IVA 
5570.0... IW. I IV 5977-41 2Wy 5 IVA 
5879.85 Riven Oe as eed VE 5979.99... 6 20 HI A 
ber oe AS |) ene rey VE 5980.47 30 30 III 
S80. 42... 7 Gar: IVA 6083.14. <. Sow, 150 IIA 
5880.81... ee ere VE 5983.78... 60 50 II] 
5884.83... 15 15 IV 5986.84... 8 15 IVA 
Sas ES... 10 12 IV SOS7 8.5.2. B= Bescean V 












































5990 
5992 
5904 
6003 
60004 
0005 
6005 
6005 
6012 
6012 
OO15 
6010 
6010 
6018 
6021 
0023 
6025 
6027 
60029 
6032 
6033 
6040 
6040 
6042 
6044 
0045 
6049 
6051 
6052 
6052 
0052 
0052 


6057; 


600! 
6062 
6064 
6005 
6000 
6072 


6074.; 
6075.3 
0077 = 
6078. : 


6079 


6080 
6081 
6083 
6099 
60100 
6102 


05 
83 
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INTENSITY 
Arc Furnace 
I I 
1500W1 1000 
I 2 
50W3 100 
300 200 
i— I 
60 So 
15°W3 15! 
300W; 200 
400 300 
150 60 
8 IO 
4W2 20 
2500 2000 
I ne 
250 200 
2 3 
I 2 
600 400 
10 10 
I I 
IW, 4 
8 8 
IW, 2 
250 200 
— 
2000 20 
(6) 18) 
5 |} 20 
ar 4 
Sw | 25 
O00W;1 400 
1OW, 
I I 
I 
IW; 
IW; 
4W; ‘ 
IO ite) 
300 250 
1OOW2 100 
I 
2 
15W3 
OW2 8 
I ers 
I200W, |1000 
I 200W; L000 
2 15 
2W2 2 
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CLaAss 


IV 


IVA 
IITA 
II 
IVA 
III 
Ill 
II 

{I 

III 
Ill 
IIA 


I] 
IV 


II 
IV 
IV 
IVA 


IVA 
II 
VE 
IVE 
IV 
IVA 
IVA 


In A 
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O105 


0107.5 


6108 


O110.7 


OIL! 
OLLI 
6118 
6118 


O1ig.; 


6124 
6120 
6132 
6133 
6139 
6140 
O147 
6147 
6149 
6149 
0150 
0152 
60153 
6154 
O1Ss 
6158 
6104 


6170.7 


O171 
6173 
6170 
6178 
0179 
0185 
6185 
6186 
6188 
6190 
O19! 
0193 
0195 
O195 
6190 
0197 
6199 
6201 
6202 
6205 
6207 
6209 
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78 


19 
20 
15 
Il 


04 


28 
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70 

63 
05 

27 

45 

13 

2 

27 
go 
07 
a 
G8..2.: 
39 
ae 
05 
3:- 
07 
60 
35 


6210.35 


0213 
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INTENSITY 
Arc Furnace 

I 2 

15 15 
150 50 
r= Sycpahty 

3W2 3 
2W2 4 
6 12 

400W2 300 

2 5 

150 150 

3 4 

— 

I 2 
OW, 2 
BO Wave gv is is 

I 

i— ile 

I 2 
5 2 
4 8 

2W2 6 
40 80 

IW2 _ 
15 Wy 15 
10 10 
4+ 5 

= 3 

2 4 

2000 15 

I 

150 60 

2 18) 

i Seca ets 

5 5 

2W2 4 

T500W, |1200 

2W2 2 

5 5 

2 4 

600 600 

[= 2 

2 6 

— 

2W2 re 

2W2 2 

— 

— pra 
50 100 
10 10 

— 
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TABLE 2—Continued 
INTENSITY INTENSITY 
nN CLAss nN CLAss 
Arc Furnace Arc Furnace 

6214.3 IW2 2 IVA 6369. 25 400 400 II 
6217.3.. IW? 2 IVA 6369 .6* ? 5? IVA 
6218.80. . IW, 6 IVA 6371.90 I V 
6224.28. . Gay ABs ees TE 6373-34 1oW> 30 III A 
6230.51 40 80 IIIA 6378.49 I Be) > 
6231.95 I 2 IVA 6382.73 300 250 II 
6234.73)... 300 300 III 6383.86 500 400 II 
6236.90. . I— 2 IVA 6389.58 15 40 IIT A 
6240.71 8 8 II] 6398.22 I— Fie VE 
6242.0 I I IV 6400.93 1000 800 II 
6245.91. 1oWw,2 20 IITA 6402.94 I— -t WE 
6249.31 I— a VE 6403.2 DM erate V 
6249.51 I— I IVA 6404.4.. IW. pene V 
6250.47 150 200 II 6406.11... 200 300 II 
6255.65 IW, 2 IVA 6410.04...] 1200W, [1000 II 
6260.16. 4W2 10 IIIA 6411.32 600 300 II 
6262.25 1500 1500 II 6413.19 I 2 IVA 
6263.42 20 40 IIA 6428. 29 300 200 II 
6264.60. . 15 30 IIT A 6429.44 2 10 IIA 
6266.95 150 300 IA 6435.35 8w, 30 TIA 
6280.51 ye 6a. VE 6437.64 4000 40 HIE 
6283.87. I 2 IVA 6439.93... 60 100 II 
6284.86 2 4 IVA 6449.709.. I ne VE 
6285.95 8ow, 150 IITA 6457.96. . 600 500 II 
6287.45. I 2 IVA 0405.3... 2W; é V 
6288 .g5 30 30 III 6467.44 10 30 TIT A 
6291.34 300 600 IA 6469 .65 I 2 IVA 
6291.70 15 30 IIIA 6470.70 Sow, 150 ITA 
6294.86 I— I IVA 6471.99 IW, we Vv 
6295.0... cB  thooAe VE 6476.55 20W; 60 IIA 
6298.08. . 2 3 IV 6483.02 100 150 II 
6299.77 800 600 II 6501.55 300 300 II 
6300. 42 20 40 HIA 6505.48 I BEE (| 
6303.41. 2000 15 IVE 6507.60. . 3 8 IVA 
6304.00* ? 5 IVA 6519.50 600 600 II 
6308.1. 2W; 2 IV 6522.72 80 100 III 
6309.6. . BW. Pesan cn. V 6524.09 ES Beas VE 
6311.87... i Sel epee VE 6530.63 7. Seale" pee ue oe V 
6313.78.. 1oow, | 200 IIA 6532.96 ow. 20 IITA 
6317.87 3 10 IVA 6539.02... 2 4 IVA 
6318.58 30 30 ITI 6543.8 ee V 
6324.42 40 100 IVA 6549.12 60 100 III 
6333.5. Misuaee ‘Seen eres J 6558.12 | ee eee Vv 
6335.82 400 400 II 6561.17 20W2 50 IIA 
6341.71.. \ eee eee VE 6567.87... 600 600 IT 
6350.04... 100cow, | 800 II 6569.9.... I as V 
6355.89 300 300 II 6570.76... 20 20 II 
6360.48. 2 20 IIL A 6572.0... an reeanee V 
6360.83... I 3 IVA O874.0..5 i. I dias V 
6363.78... a eer VE 6598.3; . 2 6 IVA 
6366. 76 4W1 10 IIIA 6581.0.. I 2 IVA 
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TABLE 2—Continued 
INTENSITY INTENSITY 
CLASS = 

Arc Furnace Are Furnace 
6587.0. 2W2 2 IV 6804.47. Ey eters 
6502:0. ..- 3W2 5 IV 6816.06... 800 1500 
6503-79 400 400 II 6820.70.. BO iNg tan pe 
6595.97. .- Par Hess aes V 6821.59 7 an eee 
6601.1.. 3W2 i IV 6822.61 20W2 30 
6603.55 200W; 400 IIA 6830.7... IW, I? 
6603.9". 10? 10? Ill 6834.30 10OW2 100 
6619.19.. Ow: 25 IIIA 6839.0. Ta) eee 
6621.22.. 3 8 IVA 6840.93 200W2 200 
6623 .3\..; I 2 EV A 6844.83... 200W; 400 
6623.72. 3 4 VE, IV 6847.04. . 100W, 150 
6639.52. Te av maran VE 6851.38... By ilnetasns 
6640.8.. 3 3 IV 6861 .33.. Be eta wcaty 
6645.11...| 8000 80 III I 6804.54. . 3000 3000r 
6663.3... I I IV 6890.75 3 6 
6666.48... B= esses VE 6898. 21 150W; 150 
6668.97... Sirens Fae V HOOT 13 24 Ae ee 
6671.89. . IOW2 10 IV 6903.67...} 100OW; 600 
6681.6.. I 5 IVA 6906. 27 fe  tczke 
6682.00... I5W3 15 IV 6908.71 10 20 
6683.3... IW2 I IV 6910.17... 50W2 60 
6685.21 400 300 I] 6914.82. I50W; 150 
6691.0... I V 6918 . 36 ERR is. e wince ls 
6692.98. . El eees sino V 6947.49. 2 2 
6693.96. . 1500 1200 II 6950.72... OWE. aantens 
6695.84. . 4W2 8 IVA 6951.66... | erence 
6701 .06 20W; 40 IIIA 6957.42 HO Ulsvecetecuare 
6707.00 Poe panes V 6962.31 nn, Cee 
6710.45. 30W2 30 III 6965.76 ROW) sss acai 
6727.80 dea waste V 6973-34 Sw 15 
6732.36 4W2 6 IV 6978.18. . Rigs. fic ween a 
6732-5... OW fecieawces V 6982.60 3 2 
6735.0. 3W2 5 IV 6983.61 GO Wicsseed 
6741.9.. 2 4 IVA 6984. 3* Boe Book 
6744.88... 600 600 I] 6985 .6*. 3W2 
6750.30.. en eres V 7015.12 20" Wesrenxs 
6752.6. 2 2 IV 7030.71. oN ARRR  ee 
6755.0. Te eisseeca ene V 7032.10, | eererere 
6755.82. 2 2 IV 7030.23... 3W2 n 
6757.32... Sumy AR VE 7040.20.. 2500 2000 
6758.53.. 8w; 8 IV 7047.54.. 6 
6766.47... | eee VE? 7050.14... 5 
6766.60... QWs. Vokes. ss V 7058. 34.. ow; 
6772.44.. 8w2 10 IV 7058.83. 4 
6782.54.. 600 1200 III A 7063.6. I 
6782.7*. 20? 40? IIIA 7060.0. I 
6784.87 4W, 5 IV 7068 .93. I 
6787.48 300w2 | 600 IIL A 7073.05.. BMles Nees ores 
6761.6..<. Bia, Weld decaises V 7074.54.. 150 300 
6799.19.. : anh) Sree V 7077.10.. 3000 30 
6802.72.. 2500 2500 II 7080. 30.. ee. (Cee ae 





CLASS 


ILA 
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IV 
EV re 
IT] 
III 


IIIA 
IT] 
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TABLE 2—Continued 

















INTENSITY INTENSITY 
r i a) ea a, CLASS A CLASS 
Arc Furnace Arc Furnace 

7092.71 Swe Pee esc VE 7404.70 15W; 15 I\ 
7100.48...| 1500 1500 I 7409 .53 6 ee Vi 
7114.48. . Oar. liiaasch: VE, V 7420.57 1500 15 IV I 
7114 o* 8? Ded oh 7430.59.. 200W3 150 Ill 
7120.33. 4 5 IV 7444.62.. I5W2 12 I\ 
7139.0.. Ae Vein ce< Vi 7450.34 5 15 IIA 
7148.80 8 dei opt Wes Ye Cy oe I see VE 
7162.40 5Wa pen. VE 7470.53... 50w, 100 ITA 
7164.66 40W: 40 Ill 7481 .52.. 2W2 2 I\ 
7169.87 ey eee VI 74Q1.00.. 30W2 30 I\ 
BITE O. ss 15W; ite) IV 7492.24 2 err ah 
7175-55 200W2 200 II 7507.02 8 fe) I\ 
7179.05. aR | aicaae aoe VE 7508.50 20 40 IIIA 
7180.2.. 3 2? LV? 7521.25 8wi 8 IV 
7194.81.. 1500 15 IVE 7528.70* 400w; 400 II 
7201.70... ay bpaoen VE 7531.81 2 Bi > 
7204.41... 15? 30 ILA 7629.37 4 5 IV 
7217.55 1500 15 IVE 7533.02 30 60 ITA 
7224.68. . 100 150 III 7534.81. eS eee V 
7234.03 2 wewieat We 7530.71 2 ey hs 
7248.08... 20W2 30 IV rh? Yt) ee 4OW1 80 ITA 
7258.72 8o0w2 100 II] TEED OO.» 8 30 HLA 
7262.77. . 200W; 300 II 7578.41.. 1S ee ee V 
7270.00. . S| eee VE 7692.01... 1000 500 II 
9481.53... 40w, 40 Ill 4004-65... I I IV 
7297.50. . 20W; 30 IV 7603.87... 6 20 IVA 
OL TF: 2508 25 IVE 9627 68)... 8 25 IVA 
7310.46... 40w, 40 IT] 7633.5 2 V 
920303)... 1OOW; 200 ITA 7050.7 - an Soper V 
7223.00... Ze ieee VE 7678.15 ne eee V 
7326.03... 4 eect Woe 7683.6 2 V 
7330.18... 80ow, | 800 I] 7704.9 3 a eee V 
7340.00.. 8 Re to fet > 7707.21 SWia?.. Ecc: V 
7340.25 20 20 IT] 7708.52 NM eee V 
7350.47 bw, sa ectiveh Werke 7710.92 4W2 8 IVA 
7286.65... 25 25 III 7725.05 4 tapas ace 
7362.25 8ow, 100 II 7742.57 300W; 250 II 
7208 7035 6. Cm Wibcaere VE 7740.19 500 200 II 
920990: x. 1OW2 10 IV 7759.30 4 5 IV 
7369.60... 6b00w, | 600 I] 7787.6 We [ooxcias V 
97370.22...| 2500 25 IVE 7803.32 SOW, 100 IIIA 
"374-33"... yey (pee ineee V 7818.21 40 30 III 
7370.98... hs eS V 7830.60. . 3W1 I? IV ? 
Oy oe yey Rieti VE 7848.60. . 8w, 15 IVA 
7387.36... 20 40 IIIA 7850.07... 3W2 3 IV 
7389.16... I50W2 150 II 7874.68... 3W3 I? IV ? 
7402-70... 5 5 IV 7882.34... 30 30 III 
7394.86... I2W2 12 IV 7887.99. . 500 300 II 
7399.96... 4W3 8 IVA 7890.52... 5W1 2? IV ? 
7402.06... 4W2 10 IVA 7901.86... 5 3? IV ? 
7404.41... 40W2 40 III 7908.69... 3 —? V? 
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TABLE 2—Continued 








8688 


8704.5 
8709. ; 
8710.. 


8727 


8738. 


8740 
8743 
8745 
8749 


8751. 
8773.; 


OnmnNnNbphOON 


4 
oO 


N™ 


wal 


oo 90 
= O 


82 
62 
560 


23 


71 


74 


-34 


65 


67 


66 


INTENSITY 





WaTw - 


ee 





30 
500w; 
250W; 

15 

10 

IOW2 

20Ws 

3W2 
I 
40W; 
2 
2W3 
8 
IW3 
I5W2 
4W3 
I 
ow. 
200W2 
2 
2W3 
4 
IW2 
2 
6w2 
IW2 
2W2 
30W3 
4W4 
2W2 
IOW2 
2W;3 
4 
Ow, 


3W3 





Furnace 


200 





CLASS 


8782.46... 
8785.06... 
8789 .33.-- 
8790.88... 
BIOU Tos si 
BOER 0)... 
8816.95... 








8821 


8860 


8870.30... 
8880.81... 


8883 .03 


S885 25... 
8893.26... 
8899.94... 
8917.64... 
8934.42... 
8935.59... 
8961.69... 


8964.3.. 


8965.46... 
8975.70... 
8982.50... 
go18.06... 


9024 . 33 


9058.00... 
9072.4... 
9083.06... 
9085.33... 
0220-95... 
9326.08.. 
9455 .-92.. 
9883 .16*.. 
9898 . 30*.. 


9998 .65 
IOOI7 .3 


10019 .58*. 
10034. 22*.. 


10066 .03 


10142.99*.. 
10165 .61*.. 


INTENSITY 





S7cna 
8836.27... 
° 





1OW; 


Sw, 
4W3 
5Ww2 








Furnace 


2 
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r 
2207 .97 


2237.07 
2347.95 
2465.89 
2626.776 
2658.41 
2700.3 


2795-53 


2828.81 
2840.14 
2876.06 
2893.83 
2900. . 
2952.68 
2960.21 
2976.58 
2978.950 


os 


3039. 884 


3055.04 
3128.90 
3182.86 
3213.7 
3240.4 
3247-5 
3266.3 
3272.77 
3277.7 

3301.05 
3308.02 
3313-33 
3319.89 
3338.75 


3405.49 


3429.25 
3429.33 
3457 .05¢ 


3472.71 
3472.75 
3473.00 


3476.98 
3477.07 
3477.19 
3506.645 
3532.23 
3549.0 


} 


NOTES TO TABLE 2 


Intensity varied on different plates. 
May be impurity 

Probably double 

Red side stronger 

Unresolved doublet 

Very faint in spark 

Very faint in spark 

Much enhanced unless spark line is 
Eu it 

Possibly Mg 11 at .54. Companion 
Mgit at Xd 2802.7 would be 
masked by strong Eu 11 

Spark line appears slightly to red of 
arc line 

Spark line narrow. May be blend 
with wide Eut 

Blend in are with A 2828.72 

Narrow in spark 

Very faint in spark 

Close coincidence Eu 1, 1 

Blend with A 2906.68 

Complex, shaded to red 

Complex, shaded to red 

Spark line may be Eu 11 

Much enhanced, or blend Eu 11 in 
spark 

May be Eutt. 
spark 

Blend with A 3054.94 

Faint in spark 

Blend with A 3182.98 

Coincides with faint Eu 1 


Blend Eu wut in 


Blend A 3246.39 
Not Cu .548, as Cu \ 3274 absent 


These lines are distinctive with a 
sharp maximum, which was 
measured as closely as possible, 
and a strong shading to the red. 
Moderate strength in the spark 


Blend 


Measured in _ furnace. 
A 3505.43 In arc 

Not fully resolved 

Furnace A. Close blend with Eu u, 
in are 

Furnace A. Arc line blurred, with 
core at .29 

d\ for sharp furnace line. Are line 
wide 


Not fully resolved 
for sharp furnace line. Arc line 
wide 


Not fully resolved 


Furnace A. Blend A 3506.598 in arc 
Unresolved doublet 
Blend \ 3549.71 


3791 


3907 


3917 


3925 


39030.¢ 


39390 


3943. 


3971 

3971 
3971 
4000 


4017 
4129 


4120.7 
4100. 


4202 


~ 
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Very diffuse in arc. Sharp in ab- 
sorption furnace 

Double. Violet component stronger 

Furnace A. Blend Eu 1 in arc 

Blend \ 3611.57 

Furnace A. Blend in are with 
A 3622.54 

Superposed on wide line \ 3629.8 

Furnace A. Arc line measured 
A 3659.92 

Furnace A. Blend in arc with ghost 

Furnace \. Diffuse arc line meas- 
ured A 3682.65 

Furnace \. Diffuse arc line meas- 
ured A 3683.56 

Furnace X. Blend in arc with 
Xd 3716.937 

Uncertain on account of blend with 
A 3791.50 

d is for main line blended with un- 
resolved satellite to violet 

Violet side of blend is strong Eu 11 

Close doublet 

Usually blended, with center at .48 

Eu 1 line measured 44.05, usually 
masked by A/ 

Blends in arc with faint Eu 1 at 71.2 

Usually blended, with center at .96 

Furnace A. Arc line is wide blend 
with center at A 4006.5 

Close doublet 


Usually blended, with center at .70 


Blend faint Ew 1 line, furnace 4.47 

\ for narrow furnace line. Arc line 
wide 

Furnace X. 
A 4204.Q91 

Eu line wide, slightly to red of 
Eu 

Furnace X. 
A 4253.80 

dX for narrow furnace line. 
patch in arc 

Furnace A. Blend A 4354.80 in arc 

Furnace line may be impurity, as it 
appeared on one plate only 

Furnace A. Blend A 4405.27 in arc 


Blend in arc with 


Blend in are with 


Hazy 


\ when blended at .56 

Furnace \. Arc line at .14 with 
slight shading to red 

\ when blended at .57 

Furnace A. Usually blended in arc 
with A 4522.5 

Furnace line may be impurity 

Blend with A 4627.22 

Furnace \. Arc line at .66 
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DN 
4645 


4653 
4053 
46007 
4713 


5113. 


5168 
5183 


-73 


4047. 


41 
30 
86 
41 
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Arc line at .go 
Arc line at .48 


Furnace \. 

Furnace \. 

Furnace A. Arc line at .47 

Furnace A. Arc line at 54.0 

Blend air line in spark 

Blend faint Eu 11 to violet 

Blend with A 5112.85 

Furnace A. Blend A 5168.22 in are 

Blend air line in spark. 
by Russell to Eu 1 

Furnace A. Arc line at .93 

Blend in arc with faint 


Assigned 


Furnace A. 
line to red 
Furnace A. 
A 5271.96 
Close blend with ¥ 5357.61 
Wide, shaded to red. \ uncertain 
Blend with A 5426.943 
Furnace X. 
measured .85 
Measured in spark. 
with A 5519.62 


Blend in are with 


Blend in arc 


Center of wide arc line 


5820 


5953 
5953 
0005 


6155 


6304 .« 


63609 
6003 
6782 
69084 
09055 


9883 


—~IOros 


CARNEGIE INSTITUTION OF WASHINGTON 


Mount WILSON OBSERVATORY 
December 1938 


10 
or 


) 


Furnace \. Blend in arc with 
A 5820.91 

Measured in spark and furnace, re- 
spectively. Blended in arc 

Blend with A 6005.61 


Furnace \. Blend in arc with faint 
Eu ut to red 
Furnace A. 
A 6303.41 
Blend with A 6369.25 
Blend with » 6603.55 
Blend with \ 6782.54 
May be CN 
Partly CN 
Partly CNV 
Apparently blend of sharp line 


superposed on wide line, to violet 
of center 


Blend in are with 


Measured from second-order Fe 
lines. No basis of comparison of 
intensities with those of shorter 
wave lengths 




















PROPER MOTIONS IN THE GALACTIC 
CLUSTER NGC 752 
E. G. EBBIGHAUSEN 


ABSTRACT 

Proper motions are derived on Allegheny plates for an area of about 50’ diameter 
centered on the cluster NGC 752. The results are contained in Tables 3 and 4; plots of 
the motions are found in Figures 1A and 1B. The positions of the probable cluster 
members are found in Figures 2A and 2B. The spectral diagram of the probable cluster 
members, Figure 3B, has reduced the cluster to a narrow sequence. The luminosity 
function is found in Figure 4. 

This paper gives the results of the determination of proper motions 
in the cluster NGC 752 (a = 1"51™8, 6 = + 37°11’, 1900). Other 
clusters will be discussed in subsequent papers. NGC 752 was con- 
sidered an important object for proper-motion studies because of the 
exceptional character of its spectral diagram. Since no suitable first- 
epoch plates of NGC 752 were available at the Yerkes Observatory, 
the writer gratefully appreciates the co-operation of the Allegheny 
Observatory in supplying the plate material. The first-epoch plates 
were taken during the years 1915-1918 by Dr. R. J. Trumpler, who 
called the writer’s attention to the existence of these plates. The 
second-epoch plates were kindly taken by Dr. Keivin Burns. 


I. THE MATERIAL 
The material available for measurement consisted of five pairs of 
plates whose average interval was 20.9 years. Three of these pairs 
had only one image of each star, while one pair had three images 
and another five images of each star. Table 1 is a list of these plates. 


II. MEASUREMENT AND REDUCTION 
The procedure adopted in this paper was to obtain for each old 
plate a new plate taken with the same center but exposed through 
the glass in order that the two plates could be placed film to film 
and the measurement done differentially. In the measuring machine 
each pair of plates was firmly held in contact by means of six clamps, 
which also held the pair in contact with two sheets of clear glass in 
431 
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order to form a firm foundation. As is usually done, the x- and 
y-co-ordinates were made to correspond, respectively, with right 
ascension and declination. 

The measuring device was a micrometer eyepiece fitted with a 
fixed and a movable wire. The power used was 27. The whole as- 
sembly could be rotated in order that the measurements could be 
made in four position angles, go° apart. Each pair of plates was first 
placed in the machine with the north edge upward. For each pair of 
images the differences, Ax and Ay, were measured in both the direct 
and reverse directions. After this had been done for all the stars on 

















TABLE 1 
Es Interval No. Limiting 
Old Plate New Blake In erva o. of imiting ante 
in Years Images Magnitudes 

3605... 56014 22.1 I 14.0 Pp] 

(toy ere 55902 21.1 I [2.2 P\ 

7408. . 55993 21.1 I [2.1 P VI 

7578 55877 21.0 5 eae P VII 

14321 55044 19.1 a £2.02 4.5000 dP eek oN 








the pair of plates, the pair was turned go”, with the north edge to the 
right; and the same procedure of measurement was again followed. 
This procedure resulted in the measurement of four values of each 
of the differences, Av and Ay, which were averaged to form a mean 
value of each differencé, Ax and Ay, for each star. The reductions 
were carried out with the aid of the linear formula 


Ax = ax + by +c 


for the «-co-ordinate and a similar one for the y-co-ordinate. No 
fewer than fifty stars were ever used in the least-squares solution 
for the reduction constants. In order to select stars of small motion 
for the comparison stars, one pair of plates was first reduced, using 
all the stars as comparison stars and then discarding those stars of 
large motion. For that pair the reduction was again performed with 
the reduced number of stars, and for each succeeding pair of plates 
as many of the same comparison stars were used as possible. 

Then for each star the computed values of differences, Ax, and 
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Ay., were obtained; and the proper motion in both co-ordinates was 
derived by forming the differences 


Ax — Axc = pz; 


Ay — Aye = pMy- 


With the aid of the scale value (1 mm = 14"6) and the interval in 
years the values of uw, and mw, were converted into units of ten- 
thousandths of a second of arc per year. 

All of the material was divided into seven groups and designated 
as PI, PIl,....,P Vil. PI, PV, and P VI refer to pairs of 
plates with one exposure on each. P II, P III, and P IV refer to 
three sets of images of different exposure times on the same pair of 
plates. P VII refers to the pair of plates with five exposures each. 
Instead of treating each set of images as a separate plate, the twenty 
measured values of Ax and of Ay on P VII were averaged to form a 
mean value of each difference, and the reductions were carried out, 
treating the five sets of images as one plate. 

When, as in the case of NGC 752, the proper motion of the cluster 
relative to the noncluster stars is small, the problem of separating 
the cluster and the noncluster stars requires a high accuracy. The 
following sources of error are of importance: (1) errors of measure- 
ment, (2) differential refraction between the two plates if the plates 
are taken at different hour angles, (3) shifting of the emulsion, 
(4) error in the micrometer screw, (5) errors due to changes of 
temperature during the measurement of the plates, and (6) the 
magnitude equation. The first source can be reduced in size by 
measuring several pairs of plates and by measuring the images in 
both the direct and the reversed directions. The second can be largely 
eliminated by using the same kind of emulsion for both the old and 
the new plates and by taking the new plate at the same hour angle as 
the old plate. The shifting of the emulsion can be minimized by exer- 
cising care in the development and the drying of the plates. Errors 
due to (4) and (5) may be largely eliminated by placing the two plates 
film to film and making differential measurements. In this fashion 
the length of the micrometer screw used is always less than 1 mm. 
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The magnitude equation may be classed as a systematic error, since 
it superimposes on the proper motion of a star a spurious motion 
which is a function of the magnitude. This magnitude equation can 
be evaluated if a number of cluster stars of different magnitude are 
known. In order to select these stars in a provisional way, the mo- 
tions derived from P VII were plotted. Near the origin of this plot 
was found an isolated, elongated group of stars which could be 
expected to contain a large percentage of cluster stars. Of this group, 
thirty stars were selected as probably belonging to the cluster. The 
magnitudes of these stars were then plotted against the values of yu, 
and py, respectively, and a straight line was drawn through the 
mean position of the points on each plot. The value of the magni- 
tude equation for both the x- and y-co-ordinates was then applied 
to all of the stars on P VII, and a plot of these motions was again 
made. In this diagram the isolated group was much smaller and was 
almost circularly symmetrical. From this group the thirty stars 
lying closest to the center of gravity were used to remove the magni- 
tude equation from all the remaining plates, PI to P VI. The 
average magnitude equation found from the seven different sets 
amounted to about o”%005/yr/mag. In order to find whether any 
magnitude equation remained in the various plates, the differences 
PI—PVII, Pll — PVII,....,P VI — P VII, were formed 
for all stars in common to each individual set. When these differ- 
ences were plotted against magnitude, no residual magnitude equa- 
tion with respect to P VII was found, except in two cases, where 
it was small but large enough to be applied. These differences also 
indicated any systematic differences with respect to P VII, owing 
to the use of slightly different sets of comparison stars; and, if pres- 
ent, they were applied. 

The motions from the various plates were now in a form which 
would permit them to be combined after the weights of the indi- 
vidual plates P I to P VII had been determined. In order to de- 
termine these weights, the differences PI — P VII,....,P VI - 
P VII, were again formed. Each group of differences was divided 
into three subgroups, depending on whether the star belonged to 
the brightest, the intermediate, or the faintest stars on the plate. 
For each subgroup the quantity Dv?/m — 1 = (m.e.)? was formed. 
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For each group PI — P VII,....,P VI —P VII, it was found 
that the value of the mean error as determined for each co-ordinate 
and for each magnitude subgroup did not vary sufficiently from the 
mean of the six values to be considered significant. Hence, the mean 
value of the mean error was adopted, and no distinction was made as 
to the co-ordinate or the magnitude group. The actual determination 
of the weights requires one more set of differences, and these were 
taken between the two most accurate pairs, namely, P V and P VI. 
The resulting values of (m.e.)? were then reduced to relative weights, 
which are given in Table 2. 


TABLE 2 
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With the aid of these weights the motions derived from the various 
plates were combined and are given in Table 3. The columns give, 
respectively: 

1. The number according to Heinemann’s Catalogue." 

2. The photographic magnitude in Trumpler’s system.? For the 
stars having a spectral type given in the third column, magnitudes 
were kindly supplied by Dr. R. J. Trumpler. For the other stars 
Heinemann’s magnitudes were used, reduced to Trumpler’s system 
by the writer. 

3. The spectral type, kindly communicated by Dr. R. J. Trump- 
ler. 

4 and 5. The proper motions in x and y expressed in units of 
0” 0001 /year. 

6. The weights of the motions in the preceding columns. Unit 
weight corresponds to a mean error of +0%0033, as obtained from the 
internal agreement between the plates. A dot used as a superscript 
indicates that the given weight p is really p + 4. 


1 A.N., 227, 213, 1926. 2 Private communication. 
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The circle has a radius of 25 


A refer to stars whose membership class is either 1 or 2. 
to stars which were measured but had no Heinemann number. 





FINDER CHART FOR NGC 752 


with star No. 166 as center. The numbers which are not preceded by 
Those numbers which are preceded by A refer 






































THE GALACTIC CLUSTER NGC 752 437 
TABLE 3—Continued 

; , : Member- 

Star Mog Spec. Ha cos 6 Ms Wt. ship 
BQASs cc cee sos 11.9 cee + 32 +120 r 4 
120. . 10.3 4 + 10 me 13 I 
120 PRO! Posts en + 17 + 42 rz 3 
132 Bae baw nico cea =F + 4! sy 4 
135 r.5 F2 + 8 + 2 13° I 
137 9.9 ay =" 3 == 35 2 2 
139 ee F3 + 16 ig 10 I 
140 12.0 “Saas sia 3 2 
159 9.7 I's sai. — 4 10° 3 
161 12.5 + 54 + 25 i 3 
103. 2.7 + 74 “50 2 3 
165 bE: 3 — $62 + 62 2 4 
166 10.1 F2 — 28 + 25 zg 3 
171 10.4 fe) + 24 11° 2 
177 10.5 Fo + 42 — 12 12 2 
185 12.6 ; + 53 — 67 I° 3 
186. 11.0 gKo — 2 + 6 8 2 
187 10.7 F2 + 13 — § 13° I 
189 rr.s F2 — 10 fe) ¥2° I 
1g2 10.8 F3 + 2 — 22 12° I 
193 10.2 — 17 + 2 ey I 
196 10.5 F5 + 13 — 2 13° I 
197 11.9 F3 + 17 + I! ie i I 
205 10.2 F2 —- 3 — 26 13° I 
206 10.4 Fs + 5 — 12 53° I 
208. 9.9 gGo — 18 — 12 12 I 
209. 9.5 27 — 6 13° 2 
253. 10.0 ‘ == 56 — 34 ky I 
214 10.7 F2 + 32 — 15 13° 2 
215. 8.2 gK3 — 21 —181 6° 4 
217. 10.7 F3 — 3 — 4 13° I 
218.. 10.3 + 6 — 20 13° I 
219. 10.7 oe + 28 — 26 5 2 
220. 10.5 gKo +287 — 330 De 4 
222 Ti.3 F3 + 6 6 13° I 
225: 10.6 F8 —1I4 +139 ea 4 
220. 12.7 Go +110 — 35 7 4 
232. 12.0 F4 + 52 — 17 12 3 
234 11.0 F2 + 36 - 4 13° 2 
235 11.7 6 7" 8 mm % 13° I 
R27, 12.6 AOE + 2 — 12 _ 2 
238. 10.2 F2 + II — 12 13° I 
240. . 10,13 F6 — 303 —177 13° 4 
246. BONG bie oes +147 —671 13° 4 
250:.. 12.0 Fr + 55 + 23 12 4 
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TABLE 3—Continued 


























| | 
Star Mog Spec. Ha cos 6 Ms | Wt. | — - 
T=, Sapte aye e irene Ser 12.4 — 67 — 580 I 4 
254 eee F3 — 3 — 21 iI I 
255 12.8 Fo + 200 —142 I 4 
258 D245 Fo get 55 7 3 
259 11.6 F4 + 23 — 15 ie I 
260 eee —169 +110 3 4 
201 II .4 + 10 == 22 ik I 
203 ES : “en fe) 2 13° I 
264 c2.4 Fs + 8 + 48 7 C 
206. Li.5 F5 + 13 — 27 13° I 
271 9.3 F2 —143 —~133 13 } 
272 12.9 — 22 +126 I 4 
273 Eto 7 F5 + 9g + 59 12 4 
275 12.5 = 50 = 50 r 3 
293 12.2 + 30 ates 2. 10 3 
295 10.0 gKo — I — 18 13 I 
300 9.8 F2 — 1 — 16 13 I 
302 rT 36 + 9 — 28 13 I 
304. 12.2 + 31 — 12 10 2 
306 10.7 —= 163 + 68 53° 4 
308 rr.7 — 239 + 85 13 4 
309 6:2 — 242 — 28 3 4 
311 9.9 a? — 15 53 I 
314 it 0 +116 — 54 10 4 
316 12.3 — 2 +108 I 4 
310 12.4 — 24 +128 i 4 
A3 Ov2 — 55 — 28 3 3 
A7 12.2 +228 —422 10 4 
A8 12.6 + 34 — 66 I 3 
\10 12.4 +210 — 326 r° 4 
Art 11.6 — 65 + o1 5° 4 
A12 12.3 — 80 +128 : 4 
Ar4 11.6 — 82 + 4 3 3 
A16 10.6 + 4 — 31 8° 2 
A17.. 10.2 + 37 — 50 | 8° 3 


7. A measure of the probability that the star is a member of the 
cluster. The figure 1 indicates that the star has a high probability 
of being a cluster member; 2 indicates that the probability is lower 
but that the star has a reasonable chance of being a member; 3 
denotes that the star is probably not a member; and 4 signifies that 
the star is definitely not a cluster member. The assignment of 
membership will be discussed in Section ITI. 
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The plates had roughly the same limiting magnitude, except 
P I, which went down to 14.0. Since the faint stars on this pair of 
plates could not be measured on any other pair, their motions have a 
rather small accuracy. The magnitude equation for these stars was 
obtained by simply extrapolating the straight line indicated by the 
brighter stars on the same plate. These stars are given in Table 4, 
where column 1 gives Heinemann’s number, column 2 gives Heine- 
mann’s photographic magnitude, and columns 3 and 4 list the proper 
motions in x and y in units of o0001/year. 


III. DISCUSSION OF THE RESULTS 

The data given in Table 3 are complete down to about m,, = 
12.2, within a radius of 25’ of star No. 166, which is the origin of the 
co-ordinates given by Heinemann. This does not, however, apply 
to a small portion of the northernmost part of the cluster, which was 
not covered by the plates. The spectra given by Trumpler are com- 
plete down to m,, = 10.7, but only three stars brighter than 12.5 
have not been classified. These stars with spectra all lie within a 
radius of 16/7 (1000) of star No. 166. 

The weights assigned to the individual stars range from 1.5 to 
13.5. A weight of 13.5 corresponds to a mean error of +o0%o009/year 
in either co-ordinate. Figure 1A is a plot of all stars having a weight 
p> io. Figure 1B is a plot of all stars with p < 10. The stars with 
a weight of g3 and 10 are indicated by circles crossed with a hori- 
zontal line. Stars with 5 < p < 83 are circles, and those with p < 4 
are plain dots. 

The assignment of probability of membership in the cluster was 
made in the following manner. The average weight of the stars in 
Figure 1A corresponds to a mean error of +o‘ooro/year. Three 
circles were drawn with their centers at the center of gravity of the 
concentration. The radii of these circles are 2.5, 4.0, and 6.0 times 
the mean error just given. Stars falling within the inner circle were 
assigned to class 1; stars between the first and second circles were 
assigned to class 2; those between the second and third circles, to 
class 3; and those outside the third circle, to class 4. 

The stars in Figure 1B were divided into three groups: (1) p = 93 
and 10, (2) 5 < p < 83, and (3) p < 4. No stars had a weight of 
43 org. The mean errors corresponding to the average weight of the 








TABLE 4 




















} No Myg | Ha COs 65 Ms No Mg | Ha COS 6 Ms } 
Bis cia tare ntaree 13.7 | — 16] + 20 BVO ores cre leona I — 6] +174 
16... 12.8 | — 39 | + 20 || 175 I +2096 | +101 
20 13.3 | + 23 | +130 |} 176 2.3| + 81] — 63 
26 12.4 | — 13 | + 18 |] 182.. 6] + 63] — 52 
28 12.9 | + 80 | +128 |} 184.. 12.8 | + 52 | + 52 
30. 12.4 | —120 | + 76 |] I90. 14.0 | — 46 | +107 
36 13.4 | —142 | + 49 || 207. ima asgi-. a 
37 2.4 |-+ 2{]|-+ 10 jj 22 13.6] — 3] +133 
44 13.3 | +12 —10I 228 12.7 | —233 | +1590 
45 13.1 | + 26 | +189 229 12.9 | + 42 | + 49 
48 12.6 | + 34 | — 44 |] 230 13.9 | + 23 | + 98 
40 13.2 | — 67 | +110 |] 231 13.2 | — 39 | +122 
50 13.4 | — 33 | + 76 || 236 12.8] + 24] + 41 
52 12.9 | +237 | +146 |] 244. 13.1 | + 42 | + 42 
56 13.7| + 55 | — 52 || 248 13.1 | + 76 | + 67 
| 
59 E323, | 52) a 249- b: 20h = ©Ool =-98 
65 13.9 | — 67 | + 5 |] 251. 14.0 | + 57] — 96 
67 13.8| — 2] + 78 |] 252. 3.21 38 1 46 
71 14 + 28 | +117 |] 256. 3.71 + az i+ ey 
76 13.8 sg | + 63 || 265 13.6 | + 60 ° 
80 2s 1 67 = 2 267 3:5 | ~1o7 | +S 
86 12.9 | — 721 + 54 || 269 14.0] + 2]| +143 
87 13.0 | + 98 | — 18 274 11.8 | — 20 | + 80 
g2 13.9 | + 37 | +150 || 276 14.3 | + 93 | +107 
95 13.6 | + 57 | +125 || 277 13 — 2 + 18 
08. 14.0 | — 63 | +133 || 280.. 14.0 | —291 | +125 
100. 13.5 | + 16 | + 76 |] 281. 13.0 | —132 | + 62 
104 1I3.1| — 6] +100 282. 13.4 | — 59] + 99 
107.3 £36 | =-106' | — “1g |) 203... 14.2 | — 13 | +107 
284. . 12.5 57 | + 99 
109. 13.3 | — 81 | + 99 
112. 13.9 | — Go | +150 I] 285............] 13.7 | & 131 46 
118. 12.7 | — 39 | +120 || 286.. as 13.7 | +390 | +0966 
par. 1229) | ar | F579 |) 207... 6... .| 13.1 | — 89 | +156 
128 13.6 | + 44 | +109 |} 289.. ne osu Raab 60 ae 
290. . a 13.3 | — 85 | +174 
130 13.2 | —111 | + 86 
141. 13.8 | — 57 | +132 || 291..... .:.1 12.8 | + 37 | + 76 
144 13.4 | — 50| + 81 202 ...[ 22.5 | — 37 | + 2 
145 13.0 | — 20] + 8g |] 297. ....[ 14.1 | #265 | + 54 
146 13.5 | + 83 © e2OO css a6 sare of ae FO ae eat 
0 a aera al 3358 | = 371 oe 56 
148. ; 14.1 | — 75 | + 68 
149 : 14.2 o | +203 |] 313 , 13.5| + 86/ + 5 
151 Lear 12.6] + 73| + 5 |] 315.........--.| 12.8] — 76 | +166 
154. ..1 13.6 | — 20 | + 57 f] ax8............] 13.0 | — 47 | PIgs 
Ty Ree 12.8/+ 29]/+ 8 A13 11.6 | — 20] + 59 
“oe Be peer te EVE 12.8] + 2] + 85 | 
2 OR aR eee 13.3|/ — 6] + 94 
ee Ores 12.8] — 15 | + 67 
“OE ae eae ree 13.4] + 80]/ + 8 
AOR ss onervicic avalos 13.2 | —109 | +148 
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three groups are t+o%oo11/year, +0%0013/year, and +07%0023/year, 
respectively. For the first group the radii of the three circles were 
taken to be 2.5, 4.0, and 6.0 times the mean error, as was done for 
the stars of Figure 14. The membership classes were made in the 
same manner. For the second and third groups, no class 1 member- 
ship was given. The adopted radii for the second group are 2.5 and 
5.0 times the average mean error; and for the third group, 2.5 and 
4.0 times the average mean error. In both cases stars falling within 
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the inner circle were given class 2 membership. The number of stars 
which were rated as belonging to classes 1 and 2 is 62. 

Figure 2A is a plot of the positions in the cluster of all stars whose 
weights are > 10, and Figure 2B gives the positions of all stars whose 
weights are < 1o. In both plots the circled dots are those with a 
cluster membership of class 1 or class 2. It will be noticed that the 
cluster members do not show any marked concentration toward the 
center in the region discussed. The concentration of the stars in 
Figure 2B toward the outer regions of the cluster is largely due to 
the fact that not all of the plates had the same center. 

Of considerable interest are Figures 3A and 3B, which show the 
spectrum-magnitude diagram. Figure 3A is the same as that pub- 
lished by Kuiper in his discussion of the hydrogen content of 
clusters;} it contains all the stars with known spectra. The ordi- 


3 Ap. J., 86, 176, 1937. 
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nates are apparent bolometric magnitudes, and the abscissas are 
log T,. The same temperature scale was used as in Kuiper’s paper. 









































T T T T T 
s 
) 0 Cc 
P>1 B <1 
a °° 
o °@ 
° ° 
e 
e 6 = ’ 04% e e 
} ‘ta -™ 
ee ee = “* ss 
oh | oe ° 29 
e ‘, ® a Co ° ° 
P° o%e| @ e cage Yan 
g = ¢ ° i ° 
e ° ° - 
oe ~ 2 a? e 
o.lh[Ue f ° ° ° os | 
e ° 
° e o 
1 ! ! l ! ! l 
+30’ +20’ +10’ ° --10’ —20’ —30’ +30’ +20’ +10’ ° —10' —20’ 30’ 
FIG. 2 
Mbol T T T T T T T T T 
6.0 A . + B =] 
7.0 ne = 
te e 
8.or 5 i = 
ee ee 
. bad m ry 
9 ° = ee 7 J a 
. as . ° * 
Pg . 
ee ,° pa Cad e° wal 
10.0 3 fe ‘tr 
Ps 3 
vey 5 
. . 
sin + ye A o%e i. es oe 
7 - 4 e 
. 
12.0 7 Adie + Ph = 
ee e 
. 
13.0 $ L Zi 
! | Hs | ! i] i] l l 
4.90 3.9 3.8 3.7 3.6 4.0 3.9 3.8 3.7 3.6 log Te 
FIG. 3 


In Figure 3B only stars with a cluster membership of 1 or 2 have 
been included. The striking difference between the two figures is im- 
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mediately evident. It is of interest to note that the brightest star in 
the cluster, No. 215, is probably not a cluster member, although this 
conclusion is rendered somewhat uncertain because the magnitude 
equation for this star had to be extrapolated. 

It is of interest to use the preceding results in the study of the 
luminosity function of the cluster. The data suffice for the deriva- 
tion of this function for photographic magnitudes. The result is 
given in Figure 4. The maximum around my, = 10.2, and the rela- 
tively small number of faint cluster members are noteworthy. The 
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Fic. 4.—Luminosity function for NGC 752 


distance modulus of NGC 752 is about 8.0. Hence the absolute 
photographic magnitude of the maximum is about +2.2, which 
differs greatly from that found for stars in general and for other 
galactic clusters. 


IV. THE ABSOLUTE PROPER MOTION OF THE CLUSTER 

Unfortunately, no cluster members are contained in the Boss Gen- 
eral Catalogue. In Schorr’s Eigenbewegungs Lexikon motions are given 
for 14 cluster members. The proper motion of the cluster derived 
from these stars is uw. cos 6 = +0%005/year +0004 (m.e.) and us = 
—o’o10/year +0%005 (m.e.), or o’o11/year +0%005 (m.e.) in posi- 
tion angle about 158°. As a result of the rather large mean error 
of this determination, the value is not very significant. 

An attempt was then made to determine the absolute motion from 
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the measures of the faint stars on PI. The proper motion of the 
cluster relative to 55 stars between photographic magnitude 13.0 
and 13.9, inclusive, was found to be wa cos 6 = +0%002/year and 
bs = — 0.009/year. In this mean, two stars of exceptionally large 
motion were omitted (Nos. 175 and 286 in Table 4). If these two 
stars are included, the motion of the cluster becomes yp, cos 6 = 
o’000/year and ws; = — o’or1/year. For stars of mean photo- 
graphic magnitude equal to 13.5 and at 23° from the galactic plane 
Oort gives‘ the mean parallax as o’0017. The antapex is 90° from 
the cluster in position angle 129°. The galactic co-ordinates of the 


cluster are 1 = 105.4 and 6 = — 22.7; and at this position the 
galactic rotation effect is about —o’003 in galactic longitude, or very 
nearly ua cos 6 = — 0%003/year. Hence, the absolute proper mo- 


tion of the cluster becomes 0%012/year in about 160°, which hap- 
pens to agree very well with the value determined from meridian 
positions. The motion of the cluster, omitting the galactic rotation 
term, is about 0”014 in 147°, but most of this is the reflex of the solar 
motion, which is o’o10 in 129°. Therefore, corrected for solar mo- 
tion, the true transverse motion of the cluster is about 10 km/sec. 


Grateful acknowledgment is made to Dr. R. J. Trumpler and 
Dr. K. Burns, who have taken the first- and second-epoch plates, 
respectively. The writer wishes to express his sincere thanks to 
Director Jordan for having made the plate material available. The 
writer is further indebted to Dr. Trumpler for his permission to use 
his spectral types for this cluster. I wish to express my thanks to 
Dr. Kuiper for having suggested this problem and for his general 
guidance. 
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VARIATIONS OF GRAVITY AT ONE PLACE 
O. H. TRUMAN 


ABSTRACT 

This paper deals with a four months’ series of gravity observations made at Houston, 
Texas, with an instrument having a probable error for one reading of about 0.00002 
cm/sec?. There are slow apparent changes depending upon the weather, a diurnal and 
a semidiurnal change depending upon the sun, and periods depending upon the tidal 
effect of the moon in distorting the earth or in shifting water on it. These are discussed 
” Tee is no proof of any variation arising from the earth’s absolute motion through 
space, and none is to be expected unless from a much longer series of observations. 

In 1932 the writer made a portable gravity meter, for use in 
locating oil-bearing structures, which was successfully operated in 
the field for about two and a half years, in the region of the western 
Gulf Coast of the United States. It proved to perform with very 
gratifying accuracy and reliability. In the last months of its service, 
during the hours of the day when not in practical use, it was read 
regularly in the hotel rooms, wherever it happened to be; and the 
results were plotted. They showed such interesting variations from 
time to time that it was decided to set up the machine, as soon as 
opportunity afforded, in a permanent location and to carry on, with 
every possible care and refinement, a series of several months’ ob- 
servations, night and day. 

The opportunity to do this came in the winter of 1936/37. The 
writer enlisted Mr. R. B. Douglas to help him, and with his aid ob- 
servations were kept up in Houston, Texas, for 4 months, at inter- 
vals mostly of 13 hours throughout the day and 2 hours in the middle 
of the night. The following paper deals with the results. 

A few scattered observations have been published by W. D. 
Wyckoff,’ and a long and very careful series by Tomaschek and 
Schaffernicht.? The latter series gave such unexpected results that 
it was, for that reason alone, worth while to supplement it on a 
wholly different part of the earth’s crust. 

The gravity meter used by the writer operates on the spring and 

™ Nat. Res. Coun., Trans. Amer. Geophys. Union, Part 1, p. 48, 1936. 

7A.N., No. 5844; Ann. d. Phys., 15, 787, 1932; Zs. f. Geophys., Heft 4/5, p. 199, 1933- 
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suspended-weight principle, with a device by which the effective 
length of the spring is greatly increased, so as to bring the deflections 
due to small changes of gravity up to the point where they can be 
successfully magnified by the optical-lever principle to such a degree 
that they can be read. The machine was invariably read by a null 
method, a line in the field of the eyepiece, which moves with varia- 
tions of gravity, being moved by a micrometer screw acting upon a 
very weak auxiliary spring until it was upon a fixed line of a scale; 
and then the changes of gravity were obtained from the screw read- 
ing. Because of the almost incessant motion of the movable line 
to and fro, owing to microseisms, this method is much better than 
trying to estimate the position of this line at varying points along 
the scale. In fact, in this way the microseisms, which would other- 
wise be an evil, actually help the accuracy of reading, provided they 
are no larger than is common at the Gulf Coast. 

Temperature is, of course, one of the great enemies in designing 
such an instrument. To prevent errors due to it, the instrument 
proper is inclosed in a heavy nonconducting case, in which the tem- 
perature is maintained very closely by a thermostat, at a point a few 
degrees above the highest expected air temperature. The tempera- 
ture of the instrument, as shown on a Beckman thermometer, fluc- 
tuates a few hundredths of a degree, partly in a daily cycle, depend- 
ing upon changing outside temperature; but these changes have 
been ascertained, by separate tests, to be wholly without effect upon 
the readings. They will be gone into more thoroughly below, in 
connection with the 24-hour wave. 

In the instrument as used in the field, no attempt was made to 
keep the case airtight, since to make it so and to be sure it stayed 
that way would involve a great deal of trouble. Instead, air-pressure 
changes were merely corrected for. But in the accurate work to be 
done here, it was an essential that the uncertainty of these correc- 
tions should be entirely removed. At the same time, it was not de- 
sired to completely rebuild the machine with a new airtight inner 
case and new outer cases, etc., which this would have necessitated; 
instead, the whole apparatus was put inside an airtight case. 

It will be seen that, if this alone were done, the pressure inside the 
instrument would change with varying room temperature, since a 
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rise of temperature would expand the air outside the insulating case 
and force some of it into the constant-temperature space. Also, 
small leaks are always to be apprehended. It was easiest to overcome 
all the troubles, therefore, by adding an electrically operated pres- 
sure-regulator, which would constantly hold the pressure about 50 
mm of mercury below the average outside pressure, and therefore 
always somewhat below the lowest outside pressures which might 
occur. 

This pressure-regulator had a mercury column which balanced 
the inside pressure against a Torricellian vacuum. Whenever the 
pressure rose, it broke an electrical contact in the mercury, which, 
through relays, started a small pump and pumped it down again. By 
providing a small leak, which constantly admitted a little air, to- 
gether with what might get in through accidental leaks, the absolute 
pressure inside was kept the same, day after day. It might seem 
that there would be a pressure cycle, owing to intermittent operation 
of the pump; but by proper proportioning, this was kept down to a 
point where it could not be detected with certainty by a microscope 
on the mercury, and was certainly no more than 0.02 or 0.03 mm— 
far too little to matter. Also, by properly choosing the long and 
short legs of the pressure-regulator, it can be made immune to vary- 
ing temperature of the mercury and glass. This was done by calcu- 
lation; and it was later verified, by special tests, that room tem- 
perature had no effect upon the gravity readings. 

The objection can be raised to this procedure that the moisture 
content of the incoming air will vary from time to time, thus gradu- 
ally changing the moisture content of the air in the case; and it can 
be calculated that the resulting change in indicated gravity might 
become very important, although it would only occur slowly over a 
period of several days. To test this, ingoing air was alternately fed 
for several days through a bubbling water bottle, which must have 
caused it to be saturated with moisture, and through a calcium 
chloride bottle, which, with the slow rate of passage of air through it, 
must have dried the air entirely. Repeating this test several times 
showed, very gratifyingly, that there was no visible effect upon the 
gravity readings; and it can only be believed that the calculated 
effect spoken of above was in some way compensated. 








448 O. H. TRUMAN 


The instrument was set up in one of the rooms of an ordinary 
brick-veneer dwelling-house. By bracing the floor underneath se- 
curely with small concrete piers, vibration and changes of level 
due to people moving about were entirely done away with. The in- 
strument was releveled beiore each reading, by means of sensitive 
levels; and, needless to say, proper tests had shown that these levels 
would check the position with the required accuracy. Disturbances 
due to traffic were ~vholly unimportant. 

Such a gravity meter is, however, a pretty sensitive seismometer, 
even though its sensitivity as such is purposely minimized as much 
as possible by the design. In this case a ground movement up and 
down of 0.0005 mm would cause a motion of a whole division in the 
eyepiece, a very perceptible amount. However, most of the time 
in the Gulf Coast the motion is only two or three of these divisions 
and, as was stated before, aids, rather than lessens, the accuracy. 
Earthquakes were very noticeable, when they occurred; and several 
times they made it necessary to suspend the observations. 

One fact was observed, however, which ought to be mentioned, 
as it may be an important contribution to the question of the 
origin of microseisms. During the winter time the Gulf Coast is 
often visited by “northers.”’ A norther is a period of very cold 
weather, with a high wind from the north, frequently initiated by 
the passage of a “‘squall line’ or “‘wind-shift line,” and may or may 
not be accompanied by rain. Now during these northers the ground 
motion may increase to as much as forty or more of the eyepiece 
divisions, often compelling the suspension of work. There is never 
any ground motion of importance excepting with a norther; it is 
never caused by a wind from any direction, no matter how high, 
unless coming with a norther. And a norther always brings ground 
motion. 

It is thus evident that microseisms at the Gulf Coast are in some 
way caused by some peculiar conditions accompanying northers. 
The writer understands that in Europe they have been thought to be 
due to the pounding of the waves upon the rocky coasts of Norway 
at times of storms at sea; but in view of the above-mentioned ob- 
servation, it seems much more probable that they are caused by 
something else accompanying the storm, and that the pounding of 
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the waves is merely incidental. On the Gulf Coast the shores are 
mostly low and gently sloping, and the high winds which accompany 
a norther would be offshore winds. 

The instrument was originally intended to measure gravity with 
a probable error of a little less than a “point,” a ‘“‘point’’ being the 
unit in which all work with it has been done, and being equal to 
0.0001 cm/sec?, or 0.1 milligal. (This unit was chosen because the 
milligal was too large.) When set up for stationary use, however, 
it performed much better. The agreement among readings can be 
approximately judged by Figure 1, which shows a representative 
series covering 23 days at new moon, when the tidal effect is at its 
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Fic. 1.—Specimen series of observations 


greatest. Lengthy investigations of the observations have shown 
more accurately that the probable error of one reading is about 0.2 
point. Occasionally there were readings, such as Figure 1, A, which 
differed from the others by amounts seemingly out of proportion to 
the regular accidental errors and which, as in this case, were checked 
and found not to be due to mistakes. The cause of these is unknown. 
In the reduction of the results no reading was rejected merely be- 
cause it differed from the others, but readings made during bad 
northers were not used. 

With these preparations, observations were carried on from De- 
cember 18, 1936, to April 21, 1937, the instrument being read every 
13 hours from 6:00 A.M. to midnight, and every 2 hours to 6:00 A.M. 


REDUCTION OF READINGS 


When this instrument is first put into operation, a drift sets in 
which gradually ceases and which must be subtracted. This drift is 
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probably exponential; but it can be represented with sufficient ac- 
curacy by a hyperbola, which is easier to compute. Such a curve 
was, therefore, taken out, from December 18 to March 9, after 
which, and indeed for some time before, it had become immaterial. 
This drift is due to some of the materials in the instrument ac- 
commodating themselves to a new temperature level. 

With this removed, the next most outstanding performance is an 
irregular drift, which goes in one direction or the other for several 
days, sometimes covering a range of 35 points, and frequently of 
10 or 12, before reversal. A little of it is seen in Figure 1. Very 
curiously, the onset of a drift downward (in the direction of less force 
of gravity) almost invariably coincides with the coming of a norther. 
Among fifteen instances, there is only one where a norther brought 
about an increase of gravity; and there is only one decrease of grav- 
ity, and that a very moderate one, unconnected with a norther. 

One would at once attribute this performance to the effect of 
moisture in the inflowing air (discussed on p. 447) were it not that 
the experiments described would seem to rule such a cause entirely 
out. Inasmuch as a norther is usually accompanied by a rising 
barometer, that is, by more air above the observer, the change is 
in the direction which would be caused by the attraction of this air 
reducing that of the earth. But it can be computed that the entire 
attraction of the air over and about the point of observation is only 
4.2 points, and hence that any possible variation of its attraction 
would be much too small. Moreover, in such a case the changes of 
gravity should closely follow changes in the barometer, whereas, 
with the precautions which have been described, even large changes 
of the barometer bring no changes of gravity which can possibly be 
attributed to them. 

In this connection one is reminded of the slow drifts, one way or 
the other, of the water in Michelson and Gale’s water-filled pipes.’ 
It is evident that their experiment was, in many of its aspects, 
closely related to this. But it is not possible to follow the corre- 
spondence in detail. At present, it seems to the writer as difficult to 
believe that this irregular drift is due to instrumental causes as to 
believe that it is not, and he must leave the explanation for the 


3 Ap. J., 50, 330, 1919. 
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future. For present purposes it was removed by plotting the ob- 
servations on a large scale (1 inch = 2 points) on long sheets of 
paper and by drawing a smooth curve through them, using French 
curves of slight curvature, so as not to affect what follows. 


SHORT-PERIOD CHANGES 

With these slow changes disposed of, there remain those of a 
period of a day or less; and these will now be investigated. 

The most prominent is, of course, that due to the direct tidal 
force of the sun and moon, which stands out so plainly in Figure 1. 
Instead of analyzing for the various tidal periods, leaving this force 
in, as was done by Tomaschek and Schaffernicht and in the analo- 
gous case of the water-filled pipes by F. R. Moulton,‘ and so ob- 
taining each harmonic component as a sum of the tidal force, of 
the effects of shifting water in the ocean, and of distortion of the 
earth, the writer preferred to subtract the tidal force in the first 
place, thus leaving the unknowns alone to be dealt with. It also 
seemed easier to calculate this force directly from the formula than 
to build it up from its harmonic components, as is usually done. 

To do this, we have the formula 


gmrs 


— MR 


26067 2) 


Ag 


where g stands for gravity; m, mass of moon or sun; M, mass of 
earth; 7, radius of earth; R, distance of moon or sun; and 3g, zenith 
distance of moon or sun. gm/M is, of course, a constant for either 
body, and r/R is the parallax reduced to circular measure. Its value 
is easily calculated with sufficient accuracy by the slide rule, from 
the figures given in the Nautical Almanac. In fact, we have a con- 
stant factor, which combines with the other constant, and the cube 
of the parallax given in minutes for the moon and in seconds for the 
sun. The hour angle of the sun is the Central Standard Time of 
observation, plus a slowly changing number, depending upon the 
longitude and the equation of time. The declination is taken from 
the Nautical Almanac; and these two, together, quickly give the 


1 Ibid., p. 50, 346. 
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zenith distance by a chart computed for the place of observation. 
From all this the part of Ag due to the sun, is easily found. 

The right ascension of the moon is given in the Nautical Almanac 
for each hour throughout the day. The difference between this and 
the right ascension of the sun, combined with the hour angle of the 
sun, gives the hour angle of the moon; and this, with its declination 
and the chart, gives the zenith distance. With this and the parallax 
the lunar part of Ag can be found. This process was checked by 
exact calculation in a few cases and was found amply accurate. 

The total Ag for sun plus moon, computed for each 2 hours, was 
plotted, and a smooth curve was drawn from which the value could 








TABLE 1 
: . li i 
Symbol Name eet | Pe 
(in Points) (in Hours) 

—— \——— eee) (Pe ee ERS Ree ae 
M2... | Principal lunar 0.567 12.4206 
Se Principal solar . 264 12.0000 
N2. Larger lunar elliptic Br te. 12.6584 
Ra... Lunisolar .072 11.9672 
Ky... Lunisolar 398 23.9345 
O:.. Larger lunar 268 25.8193 
Pa esiit y+ koe ee sate ; Larger solar 0.124 24.066 











be taken off for any desired time. This was then subtracted from 
the observations, together with the irregular drift, and the results 
were plotted on a large scale. They contain the unknown short- 
period effects, which are to be investigated by harmonic analysis. 
The most prominent, and one obvicus at sight in the earlier 
months, is a period of 24 hours, with its maximum (greatest increase 
of downward force) about 6:00 A.M. In addition, from tidal theory 
we have the tidal components shown in Table 1, some of which 
might be expected to cause perceptible effects by their distortion of 
the earth or otherwise. The amplitudes (half of the total range) are 
computed for Houston, and their periods are in mean solar hours. 
It is well known that, in analyzing for any period, such a time 
interval should be chosen as is not only an exact multiple of that 
period but also, as nearly as possible, an exact multiple of all the 
periods near it. In that way the intrusion of the latter periods into 
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the result desired will be kept at a minimum. In this case, analyzing 
for the 24.0000-hour period, 28 or 29 days will almost exactly con- 
tain the 25.8193-hour period, and thus the latter will be very nearly 
eliminated. As for the other two, K, and P,, they will, over such an 
interval, combine into a single quasi-period of 23.966 hours, which 
cannot be eliminated effectively from an interval of 28 days’ ob- 
servations, and only partly from one of four months. This matter 
will be taken up at greater length below, in connection with the 
special interest which attaches to the period of 23.9345 hours, or 
one sidereal day. 
THE 24.0000-HOUR PERIOD 

Turning then to the 24.0000-hour period spoken of above, it is 

analyzed in the form y = a cos (6 — a), where the intervals, a and 














TABLE 2 
Interval a (in Points) a a’ (in Points) a’ 
(1) Dec. 19.0 Jan. 7 A ene ©. 500 9o0°8 0.487 173°7 
(2) Jan. 17.0-Feb. 15.0....... 307 06.3 .400 156.3 
(3) Feb. 15.0o—-Mar. 15.0..... 342 81.0 . 282 124.5 
(4) Mar. 15.0-Apr. 12.0..... 201 94.6 .255 69.3 
(5s) Mar. 24.0-Apr. 21.0...... 0.244 82.1 ©.204 54.8 

















a, are given as in Table 2. The fifth interval, while largely over- 
lapping the fourth, is put in for what it may be worth and in order 
to include all the readings. 

At the same time, the calculated tidal effect of sun plus moon is 
analyzed in just the same way over the same intervals, and gives 
the results in columns a’ and a’. 

In order that the reader may judge the validity of the results, 
the curves of summed observations and summed calculated sun plus 
moon are shown for the third interval in Figures 2 and 3, together 
with their least-squares cosine curves. The plotted points are ob- 
tained in the manner well known in harmonic analysis, by taking 
for o.0 hour the mean of observations at February 15, o*o, February 
16, o%o, etc., and similarly for 1.5 hours, etc. By means of the large- 
scale chart spoken of above, of the observations with hyperbolic 
drift, irregular drift, and calculated sun plus moon removed, the 
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observed figures could be easily taken off, interpolating when neces- 
sary and otherwise leaving a blank (for instance, when too many 

observations had been missed because of a norther). 
It is seen from the figures that there is an obvious 12.0000-hour 
period in the observations and a very pronounced one in the calcu- 
lated tide. These also are ana- 
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Fic. 2.—Observed gravity, February above, a combination of K, and 
15.0 March 15.0, showing 24 hour and 12- .: and the waves b’ toa combi- 
hour periods. The calculated effect of the . <. e : 5 
pene rn , nation of K, and S,. Each of 
sun and moon has been removed. ; j 
these combinations, over an 
interval of a month, will act as one wave. 
Turning now to the 24.00-hour wave, the writer must say that, 
to him, it is the most puzzling and potentially important of all. 


Comparing the amplitudes of 
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water about upon its surface. — 


But when the angles of maxi- 
mum, a and a’, are compared, 
it is seen that there is no relationship. While a’ continually decreases 
over a large range, a varies but little on either side of go”, the varia- 
tions being probably due mostly to accidental errors. It appears 
that the observed wave arises from something wholly apart from 


Fic. 3.—The calculated effect of sun 
plus moon, February 15.0—March 15.0. 


tidal effect. 
Such a wave was found by Tomaschek and Schaffernicht and was 
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called by them S,. It had an observed amplitude of 0.356 of our 
points, and an angle of 43°5, which would bring its maximum 2.9 
hours after midnight, instead of about 6 hours, as observed by us. 
When these were corrected for the interference of waves near by in 
period, they became 0.117 and 66°o, or 4.4 hours, respectively. They 
speak of this wave as being identical with the “‘Warmeflut”’ found 
by horizontal pendulum measures, and state that it is particularly 
prominent and disturbing in observations made on the surface of the 
ground. They consider that an important element in the success of 
their own observations was that they were made deep under a hill. 


TABLE 3 

Interval 6 (in Points B b’ (in Points) Bp’ 
° oO. 
o.110 IQI.3 0.227 199.5 
2 .073 1602.2 207 200.5 
3 o7I 22052 328 194.2 
4 Bia i, 168.5 313 184.4 
5 ©.100 195.0 0.303 IQI.O 

















It is seen that in the present observations, made on the surface, 
this wave is strong but not overwhelming. 

That any expansion and contraction of the ground by heat should 
cause such a wave seems to the writer quite impossible, for, in order 
to cause gravity to vary by the amount required, the ground would 
have to move up and down over a range of the order of a foot, the 
exact movement depending upon just how the distortion was dis- 
tributed. This statement puts this cause quite out of the question. 
In an instrument so sensitive to tipping, and therefore to small dif- 
ferential motions of the ground, as is the horizontal pendulum, a 
temperature effect is perhaps conceivable; but this is not the case 
with an instrument sensitive only to total motions. 

The same appears when we consider atmospheric pressure. Cu- 
riously enough, when, for the sake of curiosity, the diurnal pressure 
change in Houston was analyzed for the interval December 19.0 to 
January 17.0, there was found a 24.0-hour wave with an amplitude 
of 0.0214 inches, or 0.54 mm, and a maximum at 6°40™ after mid- 
night, nearly corresponding with the average maximum at about 6 
hours, in the gravity wave. (There the 12.00-hour wave was also 
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found, with an amplitude of 0.0256 inches and maxima at g"38™ 
A.M. and P.M., and a good indication of an 8.00-hour wave, of ampli- 
tude about 0.007 inches). But calculation shows that it is quite im- 
possible for such a pressure wave to depress the ground by anything 
like the amount required. And, more conclusive still, the much 
larger irregular pressure changes going on all the time have no per- 
ceptible effect. 

No doubt the 24.00-hour wave will be attributed by many merely 
to the daily change of temperature in the instrument. In the opinion 
of the writer, however, this can be definitely ruled out. It is found 
that the total range of the daily temperature change averaged for 
the five periods, in centigrade degrees, is as follows: 0.0134, 0.0119, 
0.0158, 0.0176, and 0.0225. Thus, in general, the range of temperature 
change increases as the effect it is supposed to cause decreases. 
More than that, on one well-marked occasion, while the temperature 
on the Beckman, through accident, increased by 0° 2, the gravity, 
corrected for sun plus moon, did not change by any perceptible 
amount. As a change of 0.3 point would certainly have been seen, 
the temperature coefficient is less than 1.5 points per degree; and a 
range of temperature change of 0.02 degree, a liberal average of the 
above, would cause only 0.03 point of gravity change. 

This 24.00-hour wave in gravity, therefore, remains to the writer 
a mystery. If it be allowed to combine all the observations, from 
December 19.0 to Aprit 21.0, despite the very definite decrease of 
amplitude with the coming of spring, we obtain for the average 
amplitude 0.364 points and a maximum 88°6, or 5.90 hours after 
midnight, Central Standard Time. As it is to be presumed that the 
period in gravity is in some way connected with the sun, the position 
of the sun at this time should be noticed. Taking account of the 
difference between Central Standard and true local time over the 
whole interval, which varies over a range of 17 minutes because of 
equation of time, we have, as the average hour angle of the true sun 
at maximum gravity, 261°, or nearly 270°, which is very strange. 


THE 12.4206-HOUR PERIOD 


We can now turn to the principal lunar period of 12.4206 hours, 
which, in the latitude of Houston, is the largest of all the tidal terms, 
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with an amplitude of 0.567 points, as seen in Table 4. It is found 
that a time interval of 56 cycles will be most effective in rejecting 
other periods near it, and the analysis is made over four of these 
intervals, as shown in Table 4. As before, the primed letters refer 
to the calculated tidal force and the unprimed letters to the observa- 
tions. For this analysis the cycle of 12.4206 hours was divided into 
twelve parts of 30° each. There is no need to analyze the computed 














TABLE 4 
Interval ¢ (in Points) ¥ c’ (in Points) 7’ 
(1) Dec. 19 458—Jan. 17 454.. 0.150 206°6 0.579 181°8 
(2) Jan. 17 4.4—Feb. 15 4.0 093 ho ee al CROP es ted one eek We 
(3) Feb. 15 4.0—Mar. 16 3.5 077 iy Re | CR meres ote es te) 
(4) Mar. 16 3.5—Apr. 14 3.1 0.134 222.5 0.570 182.7 

















sun plus moon for the two middle intervals, and the last was only 
done as a check. If it be taken that the variations in c and y are 
due to errors, then, according to the principles of harmonic analysis, 
they should be averaged as vectors, not as scalars; and we have as 
the mean wave of terrestrial origin, of period 12.4206 hours, 


y = 0.093 cos (8 — 218°). 


Other workers have measured not this wave but the total effect 
of it combined with the original gravity wave. If we combine these 
again as vectors, we arrive at 


y = 0.648 cos (6 — 186°6) , 


so that, if we had analyzed the total change of gravity of period 
12.4206 hours, the result should have been as shown above. It is 
seen to be about 13 per cent greater than for a rigid earth and to lag 
about 4°4. Michelson and Gale found a lag of 4°, as a mean, in their 
water-filled pipes, which agrees well with that found here. Their 
measured tide in the pipes was, in the mean, 0.69 of that computed, 
which agrees in sense with the foregoing, inasmuch as any spring or 
distortion of the earth would make their results less and these 
greater. Wyckoff got an average lag of about 50 minutes of time, 
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from all the waves combined, in which, however, waves of about 12- 
hour period played a predominant part. Fifty minutes in a 12-hour 
period would be 25°, totally different from the above. Tomaschek 
and Schaffernicht obtained from the 12.4206-hour wave a total 
effect of only 55 per cent of that computed, with a lag of about 42°, 
which is again wholly different. 

However, it should not be surprising if different results are ob- 
tained upon different parts of the earth’s crust, since the earth 
might yield differently in different directions. Unfortunately, how- 
ever, the whole matter is so complicated by the possible effect of 
shifting water in the oceans that it is hard to see how anything of 
value respecting the actual distortion of the earth can be secured 
when the anomalous gravity changes are as small as appears to be 
the case. It can be computed that, if a great circle were described 
upon the earth with the observer at its pole, and 1 foot of water 
were taken from a zone 20° wide, centering along this circle, and 
distributed between the zones of 20° radius centering about each 
pole, which would raise the level in each by 2.9 feet, then, provided 
the observer were himself on land, so that there was no water added 
nearly underneath him, the change of gravity would be +0.0556 
point. It thus appears that, when we are dealing with variations as 
small as one- or two-tenths of a point, the oceanic tides can exercise 
an important influence, and one that could not be disregarded unless 
ruled out by accurate’and detailed calculations. The difficulty of 
these, considering the complex shape of the oceans and our very 
fragmentary knowledge of what the tides away from land actually 
are, need not be emphasized. 


THE 1I2.0000-HOUR PERIOD 


Comparing now the results of 12.0000 hours and those for 12.4206 
hours, it is seen that they are quite different. The average earth tide 
is about twice as large, compared to the attraction supposed to pro- 
duce it, and leads by an average of about g°, rather than lagging. At 
first sight, this seems to invalidate the whole investigation, as it 
would be supposed that two waves so nearly alike in period would 
behave substantially the same. When we reflect, however, that the 
24.00-hour observed wave had nothing to do with the corresponding 
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wave of attraction of sun plus moon, it is not strange that the same 
should hold good with its first harmonic. We merely see that causes 
are acting in a period of 24 hours and its submultiples, of which we 
know nothing. 

When the 12.00-hour observed waves are averaged vectorially, 
we find a wave y = 0.090 cos (8 — 186°), thus having maxima at 6.2 
hours A.M. and p.M. The hour angle of the true sun at this time will 
average about 265° and 85°, respectively. 

THE 25.819-HOUR PERIOD 


Since the wave of a 25.8193-hour period has (from Table 1) a 
considerable amplitude, and since it should be well separated from 














TABLE 5 
Interval d (in Points) 6 d’ (in Points) 6’ 
(1) Dec. 19 gh4—Jan. 16 87. 0.032 25-6 0.276 194°5 
(2) Jan. 16 8.7—Feb. 13 8.0.. 030 64.9 5 irsabcaicaho ae eae 
(3) Feb. 13 8.0—Mar. 13 7.4. 077 204.1 bs ocak Catala te SIO eae eae 
(4) Mar. 13 7.4—Apr. 10 6.7 120 156.0 0.244 197.6 
(5) Mar. 24 1.5—Apr. 21 0.8 0.207 FAG OR. PSs eee Web cin ore 











all the others of nearly a 24-hour period, it seemed worth while 
to analyze for it. The results are given in Table 5, unprimed letters 
again referring to the observed wave, caused by earth distortions 
or other terrestrial influences. 

It is now seen that, while the attraction wave varies but little 
throughout the whole time, as it should, the terrestrial wave changes 
greatly. The small amplitudes in the first two intervals are so much 
affected by errors that no reliance can be placed upon their exact 
value; but while all the errors are larger in this series than in most 
of the others, there seems no doubt that the terrestrial wave had a 
very small amplitude at the beginning and built up as time went on. 
Thus it appears that these terrestrial effects not only vary from 
place to place on the earth’s surface but from time to time at the 
same place. 

This terrestrial wave sometimes lags, sometimes leads, its sup- 
posed cause; and in general the two have little relation to each 
other. 
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THE 23.9345-HOUR PERIOD 


This period of one sidereal day deserves particular attention, 
because any variations of gravity owing to the absolute motion of 
the earth and solar system through space would be expected to fol- 
low either it or its first harmonic of 11.9672 hours. In fact, Cour- 
voisier thought he had obtained proof of such effects,> although 
their reality seems to have been disposed of by Tomaschek and 
Schaffernicht. However, it is worth while to obtain from these ob- 
servations whatever may be possible, bearing upon this matter. 

Over an interval of only four months, a period of 23.9345 hours 
will gain only about 120° upon one of 24.0000 hours. Thus, in mak- 
ing a direct harmonic analysis for either, the result will contain a 
great deal of the other. But by analyzing for each period, we ob- 
tain a vector with two components, or four components in all; and 
as each of these components contains the four components of the 
two vectors we seek, the latter can be derived from the former by 
the solution of four simultaneous equations. 

The observations were, therefore, analyzed for a period of one 
sidereal day over the interval from December 19, 06, to April 21, 
go (123% cycles), using sixteen steps of 1.5 sidereal hours each in 
each cycle. The averages run very closely upon a curve whose least- 
squares equation is 


y,= 0.310 cos (0 — 131°2). 


The 24.0000-hour wave over the interval December 19, 00, to 
April 21, oo (123 cycles), gives an equation 


y = 0.364 cos (6 — 88°6) , 


which, as we have seen, is the average of results which vary over a 
considerable range, from month to month. 
When now the simultaneous equations are formed and solved, 
we obtain 
y = 0.294 cos (9 — 54°9) , 
y = 0.450 cos (0 — 121°2), 
5 A.N., 226, 241, 1926; 230, 245, 1927; 234, 137, 1928; 237, 337, 1930; Phys., Zs. 
28, 674, 1927. 
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as the equations of the true 23.93- and 24.00-hour waves, respec- 
tively, each unmixed with the other. The beginnings of the two 
cycles were chosen to coincide on December 28, oo. 

Thus, taking this at its face value, we have a true 24.00-hour 
wave whose maximum comes not at about 6oo a.M., as heretofore, 
but at about 800 a.m. And we have a 23.93-hour wave whose am- 
plitude, 0.294 points, is so large a fraction of the tidal component of 
0.375 points (p. 452) that the latter could hardly be regarded as the 
sole cause of the former; and we should look for some additional 
cause, depending upon the absolute motion of the earth through 
space. 

However, it is very doubtful whether we can take these at their 
face value. When the foregoing ‘“‘true’’ waves are combined for 
each of the separate intervals used originally in analyzing for the 
24.00-hour wave, they do, indeed, cause the amplitudes and phase 
angles to vary in somewhat the way there found; but the allowances 
which have to be made for errors or other causes are so great that 
results considerably different from the foregoing would have brought 
about as good an agreement, and the whole case must be set down as 
not proved. If any variation of gravity in a period of a sidereal day 
is to be found with any reliability, it will take observations over a 
whole year to do it. 

It is worth remarking that, when the averaged observations at 
0.0 and 12.0 sidereal hours were added and divided by 2, and the 
same was done for 1.5 and 13.5, and so on, so as to separate the wave 
of period o.5 sidereal day for the two intervals 


Dec. 19, o&6—Feb. 18, 20%5 (62 cycles) 
and 


Feb. 18, 20%5—Apr. 21, 9.0 (617 cycles) 


separately, and plotted, the former interval showed a pretty definite 
period with a maximum at about 6 hours, and the latter one with a 
minimum at about the same time. As the amplitudes in either case 
were only about 0.06 or 0.08 points, their reality is doubtful. At 
any rate, over the whole time they canceled out, showing in the 
mean, therefore, no period of half a sidereal day. 











462 O. H. TRUMAN 


SUMMARY 


Analysis of the observations shows: 

1. An apparent variation of gravity over an interval of several 
days, amounting sometimes to as much as 35 points, or 0.0035 
cm/sec?, connected with changes of the weather. Despite some evi- 
dence to the contrary, this must probably be set down as due to 
instrumental causes, in the absence of positive proof. 

2. A pronounced variation in a period of 24.0000 hours, and a 
small one in a period of 12.0000 hours, both arising from some 
unknown effect of the sun. 

3. A definite variation in a period of 12.4206 hours, caused un- 
doubtedly by distortion of the earth and shifting of water about 
upon its surface, owing to the tidal force of the moon. 

4. A variation in a period of 25.8193 hours, corresponding to the 
larger lunar diurnal tide but increasing from month to month during 
the observations. That a component of constant amplitude in the 
moon’s attraction should cause an effect upon the earth which is 
not constant but varies from time to time is of itself an important 
point and adds to the difficulty of interpreting the measures. 

5. No proof of any change of gravity in a period of a sidereal day, 
and none to be expected except from observations extending over 
at least a year. 

November 1938 


212 CANYON ROAD 
SALT LAKE City, UTAH 

















NOTES 


NOTE ON THE EXPLANATION OF THE D-LINES 
IN THE SPECTRUM OF THE NIGHT SKY 

The observation of the D-lines of sodium in the spectrum of the 
night sky, and with greatly increased intensity in the twilight and 
dawn skies, is now a well-established fact.''? The most probable 
source of the sodium appears to be the evaporation of NaCl from sea 
water,?’? though the mechanism for dissociating the NaCl at these 
heights (greater than 60 km) appears to be in some doubt.‘ 

It is therefore worth pointing out that the resonance lines of the 
alkalis are observed in the laboratory when alkali halides are irradi- 
ated with ultraviolet light.’ The process involved is a photo-dissocia- 
tion into a normal halogen and an excited alkali atom; thus the D- 
lines are observed in emission though free sodium atoms in a concen- 
tration which would give observable absorption are not present. The 
absorption spectrum of the alkali halides is continuous, with several 
maxima of absorption. The two maxima of longest wave length cor- 
respond to the dissociation into a normal alkali and a normal and 
excited halogen atom. Successive maxima are proved to produce the 
dissociation into a normal halogen and an alkali atom in the first, 
second, etc., excited state. For example, for Cs/, six maxima have 
been observed with frequency differences corresponding to iodine 
*P,_,, —?P,,, and to caesium 2P — 1S, 3D —IS, 28 —15S, and 
3P — 1S. For NaCl only the first two maxima have been observed (at 
2370 and 2320 A). The maximum corresponding to the P state of so- 
dium falls outside the region observed in the laboratory—around 1700 
A (calculated by adding 16,950, the wave number of the D-lines, to 


‘ Cabannes, Dufay, and Gauzit, Ap. J., 88, 164, 1938. 
2 Bernard, Ap. J., 89, 133, 1930. 
3 Duffieux, Bull. de la Soc. Sci. de Bretagne, 15, 1 and 2, 1938. 


4 Russell, Sci. Amer., 160, 88, 1939; but see also Duffieux, Joc. cit., and Bernard, 
C.R., 206, 1669, 1938. 

5 A general discussion and summary is given in Finkelnburg, Kontinuierliche Spek- 
tren, p. 173, Julius Springer, Berlin, 1938. 
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the wave number of the maximum of longer wave length mentioned 
above). The absorption region will extend at least two or three hun- 
dred angstroms toward longer wave lengths; thus, the region of ab- 
sorption of sunlight for this process extends beyond the strong oxy- 
gen absorption. Dissociation during the night could be attributed to 
electron impacts. 

In the absorption process discussed there would be an excess of 
energy (a in Fig. 1) which as kinetic energy would cause line broad- 
ening. Thus, a determination of the width of the D-lines in the sun- 
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Fic. 1.—Potential curves of NaCl. The ordinates are energies in electron-volts; the 
abscissae are inter-nuclear distances. 
lit evening or dawn sky would furnish information on the region of 
absorption of sunlight for this process. Only low dispersion spectro- 
graphs can be used in photographing the night sky, and the D-lines 
have been separated only by the addition of an interferometer. 
However, the identification, together with a measurement of the 
width, can easily be accomplished by placing a tube containing sodi- 
um in front of ‘the spectrograph and by varying the pressure of 
sodium by known amounts until the D-lines in the night sky are 
completely absorbed. James FRANCK 

CAROL ANGER RIEKE 
DEPARTMENT OF CHEMISTRY 


UNIVERSITY OF CHICAGO 
March 1939 
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CEuvres choisies. By CHARLES Fasry. Paris: Gauthier-Villars, 1938. 

Pp. vi+695. 

Professor Fabry has recently celebrated his jubilé scientifique, in con- 
nection with his seventieth birthday, and it is therefore appropriate 
that this magnificent volume of his most important papers should have 
been printed as a testimonial to the many scientific advances which we 
owe to him. The volume is arranged by subjects: Part 1 deals with in- 
terference phenomena, Part 2 with various problems in optics, Part 3 
with electricity, Part 4 with photometry, Part 5 with astrophysics and 
geophysics, and Part 6 with instruction and popularization. Finally, 
Part 7 gives a complete bibliography. 

Some of the papers have not previously been published, but most of 
those which are of interest to astronomers have originally appeared in the 
Journal de physique, the Astrophysical Journal, Comptes rendus, etc. 
Among these are the classical studies of the Orion nebula by means of 
a Fabry-Perot interferometer, the papers on the illumination of the night 
sky, on the equilibrium temperature of a body exposed to radiation, on 
the scattering of light by gases, on the energy-curve of the sun, etc. 

Professor Fabry has, since 1906, been one of the collaborating editors 
of the Astrophysical Journal. It is, therefore, with particular pleasure that 
we join his many friends in extending to him our congratulations and 


wishes for many happy and productive years of research. 
O. S. 





Kontinuierliche Spektren. By W. FINKELNBURG. Berlin: Julius Springer, 
1938. Pp. 368. Rm. 33. 


The study of line spectra and discrete atomic energy states has re- 
ceived considerable attention in recent years, resulting in the collection 
of a great deal of data and the development of a theory altogether suc- 
cessful in explaining the wave lengths of spectral lines. The more recent 
interest in continuous spectra differs from the earlier study of line spectra 
mainly in two respects: (1) the study of continuous (classical) energy 
states is combined with quantum theory, and (2) more emphasis is thrown 
on the theory and measurement of intensities or transition probabilities 
in contrast to wave lengths. 
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In this book Dr. Finkelnburg presents both of these aspects with 
praiseworthy precision and completeness. Valuable in itself is an exten- 
sive bibliography of some seventeen hundred references to astronomical, 
physical, mathematical, and chemical journals. In addition, the ‘‘Namen- 
verzeichnis” and “Sachverzeichnis” help to make the book a valuable 
source for any spectroscopist. 

The subject matter is well ordered in the text, starting from funda- 
mental theory and definitions of terms. Excellent care is shown in treat- 
ing the latter—a great boon, in view of the myriads of overlapping terms 
used in the literature. For example, a brief derivation is given, in chap- 
ter i,of the formulae connecting various definitions of the absorption coeffi- 
cient with oscillator strength, transition probability, and the matrix 
elements of wave mechanics, all of these being measurements of the same 





physical entity. 

It is not easy to find gaps in the subject matter. So complete is the 
treatment, in fact, that line broadening is included—perhaps a little 
forcibly—as being a special case of a continuous spectrum over a small 
range. Chapter headings cover the broad fields of fundamental wave- 
mechanical and radiation theory, photo-ionization and recombination, 
“electron switches” or “‘free-free transitions,’ molecular spectra, line 
widths, black- and grey-body radiation, and laboratory procedure neces- 
sary for observing various types of spectra. Each field is quite completely 
developed in a logical way from basic theory through predictions to ap- 
plications and experimental results. With the possible exception of the 
sections dealing with wave mechanics, no special knowledge is demanded 
from the reader. 

A good many references are made to astrophysical applications, al- 
though the author has fortuitously kept clear of speculations by showing 
mainly the confirmation (or condemnation) of theory by laboratory meas- 
urements. In criticism it may be said only that Dr. Finkelnburg has pre- 
sented his subject a little too categorically, indicating scholastic, rather 
than creative, ability. Certainly he has brought together data from widely 
separated fields of research into a most useful book for the specialist, a 


most instructive book for the student. 
THORNTON PAGE 





